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SUMMARY

$Problem

Actual equipment trainers are customarily employed in training

to provide competent maintenance technicians to the field. As a train-

ing device, actual equipment does not readily permit the controlled
presentation of malfunctions representative of the trouble-shooting
problems which occur in operational settings. Furthermore, Air Force

policy limits the type of faults which can be introduced into actual
equipment even for training purposes. Hence, hands-on experience
most often provided on actual equipment trainers is generally confined
to routine procedural tasks rather than trouble-shooting training.

Less expensive real-time simulators do possess the capability

for trouble-shooting training, incorporating "hands-on" practice to

increase trouble-shooting skill on samples of field-related maintenance
problems. In addition to improved skills training, the use of computer-

based training simulators has the potential to release more expensive
actual equipment for field operations. Simulators in comparison to
actual equipment provide the opportunity to deliver instruction which
permits greater:

a Actual Task Training

* Trouble-shooting Practice

* Task Specific Remediation

9 Learner Diagnostics

* Learner Motivation

* Objective Evaluation

* Instructor Control (Task & Learner)

e Cost-Effective Training

Training simulators have been in use for years. Despite this
fact, methodologically sound comparative studies of the training and

cost-effectiveness of simulators and actual equipment used for trainingA . are conspicuously rare. Uncontrolled factors and inadequate evaluation
methods have generally produced inconclusive results. Therefore, the

usual finding of no skills and/or life cycle cost differences as a

function of simulator vs actual equipment training is still widespread.
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Objective

The major objective of the present evaluation was to determine
the relative effectiveness of a 3-dimensional simulator and the 6883
actual equipment test station on dimensions of:

* Instructional Effectiveness/Efficiency

* Life Cycle Costs

* Attitudinal Acceptance

9 Field Performance

The 6883 test station was chosen for the simulation project
because it was considered representative of a class of test stations
used in intermediate level training. The 6883 simulator was expected
to provide more consistent training on procedural maintenance and
trouble-shooting tasks in a safe training environment where the
probability of personal injury and costly equipment damage are
minimized.

Approach

The approach taken was to compare the simulator and actual
equipment in three general areas: classroom performance, field per-
formance, and cost. An experimental (simulator-trained) and control
group (actual-equipment trained) comparison was provided within a
limited practical exercise segment (3 days) of the F-111 Avionics
Maintenance Course at Lowry AFB.

One hundred and fifteen F-Ill Avionics Maintenance trainees
were studied during the evaluation period. Eighty-five of these
students were interviewed in field assignments subsequent to training.
A trouble-shooting performance test was developed and administered
on the training equipment to compare the training adequacy of the
simulator to the actual test station equipment. Effects of training
equipment on field performance were assessed by a "Projected Job
Proficiency Test" which was administered upon completion of the
instructional training block and follow-up student and supervisor
questionnaires administered in the field.

A life cycle cost model was developed and implemented to
compare the cost of using actual and simulated training equipment

within 6883 instruction. In addition, cost scenarios were developed
to initially describe alternative benefits and costs associated withthree simulator training roles: (a) generic simulation employed solely

throughout an entire course, (b) replacement of ten actual equipment test
stations with up to ten test station specific simulators and (c) sup-
plemental simulators to increase skills on those tasks which simulators

2-
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are shown to be as or more cost-effective than actual equipment. Addi-
tionally, course materials, STSs, and personnel files were reviewed to
determine the constancy of training objectives and student competency.
All equipment malfunctions were recorded and their impact on training
and the cost model was assessed.

Results

The simulator and the actual test station equipment were found
to be equally capable of training students. It is hypothesized that
a number of environmental factors, which were noted, may have reduced
the likelihood of observing significant preformance differences among
experimental groups. These factors included shifting training objec-
tives and classroom formats, equipment reliability, changing job
requirements, and lack of a clearly defined role for the simulator
in training. Specifically, no significant differences in trouble-
shooting ability or field performance were found as a function of
training or testing modes. Time to complete the trouble-shooting
performance test was not significantly different among groups and
the minor differences noted were attributed to the slower response
time of the simulator.

Personal interviews and subsequent field follow-up question-
naires indicated that students were equally comfortable operating either
trainer. Field-related data did not indicate significant differences
in field performance, based on training mode, regardless of field
equipment assignment.

The cost comparison indicated that actual equipment costs were
approximately twice those of the 6883 simulator. Since the 6883 test
station was one of the most reliable stations, it was hypothesized
that, from a total course systems standpoint, cost savings might be
significantly higher. Though training systems-related cost data
were not available at this time, the cost of alternative role strat-
egies for integrating simulators within the training environment was
explored.

Conclusions

Students trained on the 6883 3-D simulator performed as well as
students trained on actual equipment; the actual training benefits of
the simulator were probably not realized, however, because the simulator
was designed in view of a "replacement" philosophy. Given this design
philosophy, the outcome of the cost comparison between trainers be-
comes the major factor in future procurement decisions given approx-
imately equivalent training capability. Given a "supplemental" objec-

tive, improved performance becomes the major factor considered and an
analysis of cost benefit in light of different levels of performance

skills (i.e., training effectiveness) is more appropriate.
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While other training alternatives may be possible, the true
potential of simulation in training can be determined only by a
focused research effort. A new training strategy which maximizes
the training potential of a simulator must be implemented when simu-
lator hardware is incorporated into an existing training system.
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PREFACE

This second Interim Report completes Phase II of the cost and
training effectiveness evaluation of the 6883 simulator, as compared
to the actual 6883 test station equipment, for training intermediate
level F-111 avionics maintenance personnel at Lowry AFB. The plan
for this evaluation was discussed in detail in the 1979 Phase I
Interim Report (TR-79-13). The final report, to be distributed at
the conclusion of Phase 11, will include evaluation of the flat
panel training simualtor as compared to the 3-dimensional training
simulator and the actual equipment trainer. It will also include
a discussion of any revisions made in the evaluation plan or data
collection instruments.

The project is being conducted for the Air Force Human Resources
Laboratory, Air Force Systems Command, United States Air Force, Brooks
Air Force Base, Texas. This evaluation is being conducted under the
technical supervision of Dr. Gerard M. Deignan, Air Force' Human Resources
Laboratory, Project Scientist for Program 2361-02-01. Lt Col Downing
is the Simulation Program Manager.

The evaluation outlined in this report was developed by the Social
Systems Research and Evaluation Division of the Denver Research Institute,
University of Denver, Denver, Colorado, under Contract Number F33615-78-C-
0018. Dr. Louis F. Cicchinelli is the Principal Investigator and overall
Project Director.
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CHAPTER 1

INTRODUCTION

Miller (1974) and Miller and Gardner (1975) provide an extensive
analysis of the need for simulated training in general and, specifically,
for the development of the 6883 three-dimensional (3-D) simulator em-
ployed in this study. Factors influencing the decision to proceed with
the development and implementation of the 6883 simulator included the
high cost of actual equipment trainers (AET), their low reliability,
safety factors, high noise levels in the work area, and the limited
scope of training that can be accomplished on AETs because appropriate
malfunctions cannot be inserted without extensive and costly modifica-
tions. The decision to simulate the 6883 (Converter-Flight Control
Systems) test station was based on its representativeness of a class of

test stations, moderate complexity of displays, training use established,
and opportunity for comparative evaluation.

Previous Research

The application of simulation techniques and equipment to
maintenance training is not a new concept, since such research efforts
date back to the early 1950s. Yet only during the past few years have
extensive efforts been made to realize the potential of the approach.
These efforts have established two important points: maintenance train-

ing simulators can be cost effective (Miller, 1978; Fink, Shriver,
Downing, & Miller, 1978; Montemerlo, 1977) and can provide training
comparable to the actual equipment (Miller, 1974; Hurlock & Slough,
1976; Crawford & Hurlock, 1976; Wright & Campbell, 1975; Daniels, Datta,
Gardner, & Modrick, 1975). Furthermore, for tasks requiring problem
solving skills and cognitive strategies, simulation may be the best
instructional approach (Kearsley, 1977).

Despite this demonstrated effectiveness, there is a growing

belief that simulator trainers are not being utilized to their full
capacity and that much of the simulator training research is subject
to methodological problems. Caro (1977) specifically identifie,; a
number of factors which he fourd to affect Air Force simulator training
effectiveness. Brock (1977), however, found that the introduction of
simulation into maintenance training could reduce the amount of theory
which had to be taught to obtain a particular level of learning. He
noted that only a subset of required skills are being taught in existing
maintenance training programs and that the addition of simulation
methodology may only change the subset which is being trained. Miller
(1978) agrees that simulation in maintenance training may result in

performance capabilities for maintenance program graduates which are

• i 11



not achievable with actual equipment trainers. He adds, however, that

training instructors, or those who are responsible for acquisition of
training systems, do not seem ready to acknowledge this potential. Thus,
the key to simulation efficacy may be the manner in which it is utilized
rather than the choice of hardware.

Defining the role of simulation in training entails a compre-

hensive review of the training environment--its objectives, methods,
goals, and means of assessment. This process has been studied exten-
sively by the Air Force under the designation, Instructional System
Development (ISD). To date ISD has been utilized very little in the

development of training and evaluation instruments for simulator pro-
grams.

Generally, attempts have been made to determine training objec-

tives through the more limited task-analytic approach. In theory, such
an analysis produces training which is more job-relevant and makes the
use of simulation more practical. However, its success is dependent
on an accurate determination of skill level requirements, and previous
efforts in this area have been disappointing (Brock, 1977; Montemerlo,
1976). One reason for this lack of success may be the failure to
include student trouble-shooting abilities as a task objective.

While only a few simulator maintenance training programs have

been in operation long enough to assess implementation effects, addi-
tional problems become apparent when the ISD approach is taken. First,
there is the need to assess the fidelity of the training device in
order to establish the equivalency of training contexts. Otherwise,

the evaluation design may incorporate different training and testing
contexts and render the results inconclusive (Kearsley, 1977). Special

attention must be given to psychological fidelity since the level of
realism can have important impacts on training effectiveness (Miller,
1978). Second, there is the need for a criterion measure of training
effectiveness. Previous researchers have had difficulty in establish-
ing such a measure without incurring high costs (Miller, 1978). And
finally, problems can arise as a result of instructor opposition.
Instructors may see their teaching role threatened by the incorporation
of simulation methods or may disagree with required changes in the
academic structure.

Since 1975, the ISD process has been specifically prescribed
for use in all new instructional systems (AF Manual 50-2, 1975). But,

while several ISD schemes have been developed (Gagne, 1970; Merrill,
1971; Markle & Tieman, 1972), no consensus on their applicability to

simulator-based maintenance training has been reached. Without this
consensus investigators can only take Miller's (1978) advice to
"concentrate on where and when simulation technology can best be
applied and under what conditions."

12



The present study necessarily involved some of the issues dis-
cussed above. Concerning the use of simulation in maintenance training,
specifically, it was important to consider the role of the simulated
training device in training, its fidelity to AET, and user acceptance
of the new equipment. Furthermore, the cost analysis of the simulator
and AET station forced examination of concepts and assumptions that
link training effectiveness with the respective system costs. Even
though the 3-dimensional simulator represented only one of a family of
simulators that might comprise a complete training equipment system,
the cost comparison between subsystem components provided a unique
opportunity to isolate unanticipated requirements (costs) and/or cost
savings that might accrue at the system level. Thus, the overall
objective of the cost analysis was to contribute to the evolution of
Air Force policy regarding simulators and the use of simulation in
intermediate-level maintenance training.

The Role of the 6883 3-Dimensional Simulator

A simulated trainer can be utilized in one of three ways: (a) to
provide initial contact with the equipment for the purpose of identi-
fying components; (b) to complement the AET, allowing more versatility
of training while lacking the complexity of the AET; or (c) to replace
the AET in a training program, delaying technician contact with the AET
until the period of on-the-job training (OJT).

Fink and Shriver (1978) identified four stages of learning:
(a) the novice stage, (b) the uncoordinated skills stage, (c) the co-
ordinated skill in a training environment stage, and (d) the job pro-
ficiency on operational equipment stage. They suggest that the simu-
lated training device should play a role during the third stage, the
conclusion of which usually means the student has met the course
requirements. Use of the AET would be reserved for OJT, or stage four.
At stage three, the simulated trainer would replace the AET and would
allow students to perform operational checks, remove and replace
components, and locate malfunctions. In general, the simulator would
teach the logical skills required to isolate malfunctions. The empha-
sis in this stage is on teaching the "conceptual aspects of trouble-
shooting" and preparing students to "train or work on real equipment."
Fink and Shriver consider this to be the most cost-effective way to

use simulated training devices. This approach to using simulators in
*training is consistent with the earlier observations of Shriver and

Foley (1974). At that time, thev viewed the maintenance activity as
+ having a very strong "organizing factor." A "failure of the performer

to correctly organize unrelated discriminations and actions will result
in his being unable to perform the required maintenance activity."

This use of simulated equipment as a replacement for AET is

further supported by Wheaton et al. (1976) and by Pieper (1968, 1969),
who reported that "significant additional course cost reductions were

13



also achieved through the substitution of simulators for expensive and
scarce tactically configured equipment." Miller and Gardner (1975)
refer to the 6883 simulator as an alternative to the current use of
AET.

Fidelity of the 3-Dimensional Simulator

Equipment (or physical) fidelity of simulated trainers is
defined as the comprehensiveness and level of detail with which the
real world (AET) is physically represented (Narva, 1978); psychological
(or functional) fidelity is defined as the degree to which the trainee
perceives the simulated device as a duplicate of the actual equipment
(Miller & Gardner, 1975). Psychological fidelity is a very important
consideration in evaluating simulated training devices. Wheaton et al.
(1976) proposed that the importance of psychological fidelity was
affirmed by observed performance differences. They hypothesized that
these differences were due to the fact that physically identical con-
trols, which operated differently on a simulated device than on the
AET, had a detrimental impact on transfer of learning.

Fink and Shriver (1978) maintain that only task-specific com-
ponents of training equipment should be simulated and they should have
a high degree of psychological fidelity. Displays and operational
controls beyond those required for selected maintenance tasks are "at
least irrelevant and may even be distracting to the novice technician."
It is Narva's (1978) assumption that "the potential for transfer of
training will increase as a function of the degree to which the required
activities, mental and physical, are represented in the device and the
degree to which the training device follows 'good' practice in these
activities." Matheny (1974) maintains that psychological equivalency,
not physical equivalency, results in positive skills transfer and
should be a primary factor in equipment design decisions. The design
of the 3-dimensional simulator involved producing an instrument that
"looked like the real equipment and exhibited psychologically similar
outputs but did not require the complex internal circuitry of the real
equipment" (Miller & Gardner, 1975).

User Acceptability and Training Needs

Fink and Shriver (1978) distributed questionnaires to mainte-
nance instructors. Their findings most germane to a discussion of
simulated training devices were

* Most instructors were willing to use low-cost/fidelity
training devices as supplemental to AETs, but not as
replacements.

* Most instructors reported a heavy reliance on AETs and
preferred to keep it that way.

14



" Forty-three percent of all instructors considered the
training equipment they were currently using to be
reliable. This figure was lower for electronic main-
tenance instructors.

" Sixty-six percent of the instructors used the AET to
teach nomenclature and 73 percent used it to teach
parts location.

" Sixty-five percent believed that students need to
handle actual equipment because graphic or photo-
graphic representations are not sufficient.

" Forty-two percent felt trouble-shooting should be
taught on the AET, while 53 percent would use a
trouble-shooting logic trainer, but only if that
training was followed by training on the AET.

* Fourteen percent of those responding considered the
low cost and easy maintenance of simulated training
devices as primary issues in an, decision to use
simulated training devices.

In short, it was found that instructors prefer to use proven
instructional devices with which they have some familiarity. They
would accept new training devices, but only after considerable evidence
had been collected regarding effectiveness of the devices. Since the
trainee will eventually operate an actual test station in the field
assignment, the instructors viewed the AET as a superior training device
despite its drawbacks regarding flexibility, reliability, safety, and
noise. In view of these instructor attitudes, Fink and Shriver (1978)
expressed reservations about expanding the role of instructors and
field personnel beyond that of identifying training problem areas.

Pieper (1968, 1969) discussed the problem of determining actual
job requirements and criticized the two methods most often used. He
suggested that one method, reviewing instructional materials, assumes
that the Plan of Instruction (POI) contains all field-related tasks.

This is not a valid assumption. He also pointed out that surveying
field personnel, the second method, may be biased by senior NCO or
commander preferences which are not necessarily the most effective
methods of training. The task analysis necessary for the design of the
6883 3-dimensional simulator was based on a combination of these
methods.
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CHAPTER 2

EVALUATION DESIGN

This chapter provides a brief outline of the major components
of the evaluation design and the research objectives. This information
in necessary to place the discussion of the evaluation environment
presented in Chapter 3 in a proper context.

Research Objectives

The objective of this study was to design and implement a
comprehensive cost-training effectiveness evaluation of a 6883 3-
dimensional simulator, as compared to the use of operational 6883

test station equipment for training intermediate level (I-level)
F-ll avionics maintenance personnel.

The evaluation plan outlined in this section was developed in
view of information collected by the Denver Research Institute (DRI)
evaluation team over the initial six months of the project. A com-
plete discussion of the overall design employed and its underlying
rationale was presented in the first interim report for this project
(Cicchinelli, 1979). While the general framework remained consistent
with the proposed contract statement of work, some minor modifications
were made in the manner of implementation based on an analysis of the
training and field environments. The overall design was divided into
three components to facilitate reference to the three major evaluation
components originally outlined in the proposal. Specifically, the
three major components of the evaluation were classroom performance,
field performance, and cost analysis.

Classroom Performance

The basic research design used to assess classroom performance
as a function of training mode (actual or simulated test station equip-
ment) is shown in Figure 1. Four experimental groups were defined by

the two training modes and two performance testing modes.

TRAINING MODE

Simulator Actual Equipment

Simulator A B

TESTING -

MODE Actual C
Equipment C D

Figure 1. Research Design for Comparing Classroom Performance
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Clearly, performance differences in operating and maintaining actuaZ
test stations as a function of the training equipment was of primary
interest. However, two testing modes, actual and simulator equipment,
were used because it was expected that the simulator might provide
training or testing capabilities which were not available on the actual
equipment. Further, it was necessary to determine the extent to which
any observed differences in performance were due to familiarity with
the test equipment.

Job Performance

The design shown in Figure 2 was used to assess the impact of
training mode on job performance in the field. The design includes
eight experimental groups and is sensitive to the possibility that
testing classroom performance itself constitutes additional training.
Thus, the assessment of field performance must be conducted in view of
the four levels of training resulting from the various combinations of
classroom training and testing modes.

TRAINING

Simulator Actual Equipment

Simulator

TESTING
Actual
Equipment

FIELD
ASSIGNMENT 0

Figure 2. Research Design Used for Comparing
Field Performance

Cost Analysis

The comparison of costs associated with using the 6883 actual
test station and the 6883 3-dimensional simulator For training was
based on the model shown in Figure 3. The basic model consists of a
matrix of six major cost categories and two components of life cycle
costs. The model is simply the "ingredients approach" discussed by
Levin (1975) in which cost elements are identified and evaluated con-
sistent with the ATC acquisition and training environment. The cost
elements or ingredients associated with each cost category are evalu-
ated either as one-time costs (primarily Investment Costs) or as
Recurring Annual Costs, consistent with AFHRL's perspective on economic
analysis (Williams, 1977).

17
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Life Cycle

Cost Categories' Investment Costs Operating Years 1-15

Facilities

Equipment

Instructional

Material/Training

Personnel

Students

Miscellaneous

Figure 3. Cost Comparison Model

The model used to establish the life cycle cost comparison also
provides the framework for evaluating alternative simulator implementa-
tion strategies, particularly those involving proposed changes in such
"ingredients" as student flow, course length, and time to complete spe-
cific instructional blocks. In this sense, the model is general.
Moreover, it will also be used to establish comparative life cycle
costs of the flat panel test station simulator scheduled for evaluation
during 1980 (Phase III of this project).

To assess cost-effectiveness, it was assumed that both trainers
have equal training effectiveness. Hence, the life cycle cost compar-
ison between trainers will indicate which is the most cost-effective,
i.e., the trainer exhibiting the least total cost of ownership. This
is a useful approach since it establishes baseline cost data. It is
also consistent with the original simulator design objective of devel-
oping a functional (training) replacement for the 6883 test station
(Miller & Gardner, 1975). The discussion of the cost analysis findings
will address the validity of the equal effectiveness assumption, however,
in light of factors (e.g., equipment availability, STS standards) found
to influence the training effectiveness of the respective trainers.

Additionally, three scenarios are presented as part of the dis-
cussion of the cost analysis. They outline fundamentally different

1Line items associated with each major cost category are pre-

sented in the "Results and Discussion" section of the report.
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simulator implementation strategies from that encountered in the actual
training environment. The scenarios are: (a) the use of a generic test
station simulator, (b) the use of combined test station/simulator com-
plements, and (c) the replacement of actual equipment trainers with
different simulators. These scenarios or training strategies were
chosen because they are thought to engage the relevant Air Force sim-
ulator training policy options.

Hypotheses to be Tested

This evaluation plan was designed to address the following
hypotheses:

" Practical training on the 6883 simulator and the 6883 test
station results in identical performance on the standard
Air Training Command block tests for subsequent training.

" Airmen trained on the 6883 simulator and the 6883 test
station are equally accurate in solving trouble-shooting
problems.

" Airmen trained on the 6883 simulator and the 6883 test
station are equally efficient in solving trouble-shooting
problems.

" Airmen trained on the 6883 simulator and the 6883 test
station operate the actual test station with equal pro-
ficiency.

" Airmen trained on the 6883 simulator and the 6883 test
station are equally familiar and comfortable in operating
the actual test station without supervision.

" Airmen trained on the 6883 simulator and the 6883 test
station will acquire equivalent job-related experience.

" Airmen trained on the 6883 simulator and the 6883 test
station will be equally capable of operating the 6883 test
station in the field.

" Airmen trained on the 6883 simulator and the 6883 test

station are equally capable of operating assigned test

stations, other than the 6883 station, in the field.
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CHAPTER 3

THE EVALUATION ENVIRON4ENT

During the first six months of the project, the DRI evaluation

team conducted an analysis of the activities associated with the F-ill
avionics maintenance course and subsequent field assignments for grad-
uates of the course. This assessment included the collection and review
of course-related documents, interviews with instructors and students,
and direct observation of the theory and practical 6883 classroom pro-
ceedings, as well as other test station training blocks. The review of
the classroom and field environments uncovered a number of factors
which had a direct impact on the implementation of the planned evaluation.
The most important of these factors are

@ Training objectives

e Format of training program

e Availability of cost data

* Reliability of training equipment

* Status of the 6883 3-dimensional simulator

& Assignment and OJT in the field

The impact of each of these factors on the evaluation is discussed
in the following pages.

TrainingOblectives

Training on the 6883 Converter-Flight Control Systems Test
Station occurs as part of a 23-week intermediate level F-ill avionics
maintenance course. The objectives of this course and the associated
Specialty Training Standards (STS) have been in a continuous state of
change over the past few years.

A number of factors have contributed to the need to modify
course objectives and content. Perhaps the most important factor is the
evolution of the F-ill aircraft itself. As more sophisticated F-ill
models have been developed, course content has been modified to include
instruction in the operation and maintenance of new test stations capa-
ble of testing the new aircraft systems. Prior to 1978, students were
trained as test station operators (course ABR326XIB; nine days of 6883
theory and practical training) or as test station maintenance pe2sonneZ
(course ABR326XOB; five days of 6883 theory and practical training).
In 1978, these career options were integrated into a single career path,
and a new Specialty Training Standard (STS) was developed to reflect
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course modifications. In this combined course (Interim Course ABR326XID),
theory and practical training on the 6883 test station was reduced to a
total of eight days. More recently, still another plan of instruction
was developed in accordance with STS ABR326X4A which became effective in
April 1979. This course includes expanded required skill levels for
3-level training.

Given that the specifications for the 6883 3-dimensional sim-
ulator were developed when operation and maintenance training were al-
ternative career choices, and given the recent merger of the two courses,
we felt that it was important to review course materials used over at
least the last two years rather than the proposed one-year period. The
approach used to analyze course documentation and the use of the 6883
actual test station in training was to compare training objectives at
three discrete points in time. Specifically, the comparison was among
instructional objectives used when maintenance and operation of the
6883 test station were separate courses, instructional objectives of
the 1978 combined interim course (ABR326XlF), and the training objec-
tives used for course ABR326X4A, which was in place during this evalua-
tion effort. Briefly stated, our analysis of training objectives
revealed that while many objectives remained the same over time, some
objectives (e.g., training on the Yaw Computer LRU) which were used
to define the simulator capabilities were eliminated due to the signi-
ficant reduction in training time available. Since these training
exercises were no longer employed, it was not appropriate to include
the associated simulator capabilities in any tests of student per-
formance.

It is interesting to note that while course objectives did
change over time, the relevant STS requirements did not substantially
change. This finding led us to the observation that the specialty
standards are general enough to allow for interpretation, depending on
one's perspective. That is, training and field personnel could easily
assume that somewhat different skills are associated with specific
requirements, such as "trouble-shooting." Clearly, the lack of
specific criteria for adequate performance poses potential problems
for an evaluation that attempts to assess training effectiveness. The
problem was circumvented in this study by considering only comparative
training effectiveness, and ignoring the more basic consideration of
training adequacy. In short, then, this study answered the question,
"How do simulator trained students perform as compared to actual equip-
ment trained students?" Although an assessment of the overall adequacy
of that training was considered beyond the scope of this project, we do
recommend that "adequacy of training" be a primary consideration in the
development of Air Force training policy.

Format of Training Program

The comparative analysis of course content changes over the
past two years indicated that most of the objectives of the former

121



maintenance and operations courses have been retained, although the
time allocated to each has been greatly reduced. In fact, at the
beginning of the current performance data collection phase, only two
days of practical training on the 6883 test station were included in
the F-ill avionics maintenance course. This very limited contact with
the 6883 test station equipment clearly reduced the likelihood that
performance differences as a function of training equipment would be
observed. Due to the short training period, it became necessary to
track numerous variables which might obscure actual performance
differences. Much effort was expended in controlling for individual
differences, minor training deviations, instructor and supervisor
differences, etc., in an attempt to reduce confounding of the perform-
ance measures by changing contextual factors.

DRI originally proposed to rely heavily on existing test instru-
ments to collect relevant data. Further, it was proposed to emphasize
training on the 6883 3-dimensional simulator since previous test
scores from students trained on the actual test station equipment would
be made available to serve as baseline data. However, after completing
the review of courses, it was found that the merger of 3ARB326XID
(operations) and 3ARB326XOB (maintenance) was not the only major change
in instructional format over the past years. In fact, these two courses
have undergone numerous modifications and the new combined course was
continually altered even during the data collection period. Associated
with these course changes were modifications in the test instruments
used. In 1979, the 6883 and 6886 test station practical blocks were
merged. These formal modifications, together with numerous training
"deviations" applied to nearly every class, made it inappropriate to use
test scores for previous classes as baseline data.

It should also be noted that for some instruction blocks,
previous test scores did not exist. For example, while the maintenance
course included an evaluation of student performance during the 6883
practical block based on a performance criterion checklist, no similar
testing procedure was employed in the operations course. Student
performance in this course was rated as "satisfactory" or "unsatis-
factory" on the basis of instructor's observations throughout the four
days of training. In short, there were no standard Air Force test
instruments available which could be used to compare the performance of
a baseline group of trainees with those trained on the 6883 3-dimen-
sional simulator.

Prior to the data collection period, practical training on the
6883 test station was considered a single block of instruction.
However, in an effort to reduce the overall length of the course, it
was decided to merge practical training on the 6883 and 6886 test sta-
tions into the same block of instruction. To maintain the same amount
of student-equipment contact in one-half the time, classes were
divided into two groups. One group trained on the 6883 test station
for two days while the other group trained on the 6886 test station.
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By reversing the groups for the remaining two days of practical train-
ing, all students completed their practical training on both test sta-
tions in four days rather than in eight days. The use of smaller groups
and less time was expected to result in the same level of training as
formerly given. Since all of the performance testing took place on the
day after the practical block of instruction was complete, it was im-
portant to control for the sequence of training received by each stu-
dent. This procedure was necessary to determine if 6886 test station
training between 6883 training and testing had a detrimental effect on
observed performance.

Two additional changes on the F-ll avionics maintenance train-
ing course occurred during the data collection period. First, the
blocks of instruction within course 326X4A were rearranged. Theory
training on the Electronic System Test Station and the Converter Flight
Control Systems Test Station, and the combined practical instruction on
these two test stations, were positioned earlier in the sequence of in-
struction blocks. This modification in the course format was expected
to result in less experienced students being trained in the 6883 block
of instruction. HoweveL, the change did afford an opportunity to ex-
amine more carefully the relative impact of actual and simulator train-
ing on subsequent blocks of instruction. The data collection plan was
modified to carefully note any deviations in the sequence of training

blocks. Thus, it was possible to examine the performance of students
in any instruction block in view of specific prior training experiences.

Second, the practical block of instruction on the Electronic
System and Converter Flight Control Systems Test Stations was expanded
from four to six days: three days of practical experience on each test
station. The extended training period was beneficial in that it in-
creased the likelihood that any existing performance differences re-
sulting from actual versus simulator training would be observed. How-
ever, since testing occurred after the entire block of practical
instruction was completed, all classes necessarily had a weekend in-
tervening between training and testing. Since this delay could dif-
ferentially impact observed performance, the data collection plan was
modified to record the specific nature of such uncontrolled time lapses.

Availability of Cost Data

The essential question explored in the Cost Analysis effort
concerns the costs of ownership cf alternative training devices. As
might be expected, some difficulty in establishing costs of ownership
was related to data access and reliability. Disaggregated estimates
of the development costs of the simulator hardware, software, and
courseware available from the manufacturer are not releasable. Thus,

for the purposes of this report, the acquisition costs of the simulator

hardware, software, and courseware have been lumped together and
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treated as "sunk" costs. These sunk costs have been included in the
assessment of the life cycle costs of the respective systems as Invest-
ment Costs (rf. Tables 15 and 16).

The contracted cost for developing and manufacturing the 6883
simulator was $548,000. The contract cost itself does not reflect
the total expenditure for development and production of the simulator

because corporate funds and IR&D were used in years prior to the con-
tract award to develop certain aspects of the technology used. An
estimate of the dollar value of these somewhat indirect costs is not
available from the manufacturer. The manufacturer believes that the
actual costs incurred in development and production of the first 6883
simulator are not useful as an estimate of the costs of producing
another simulator. The 6883 simulator was considered to be a research
device incorporating features inconsistent with preproduction models
and current computer technology. Our interest in estimating the actual
cost of the 6883 simulator stemmed from a concern about the extent to
which the simulator and the test station were functionally equivalent.
For example, the simulator control system was designed to be expandable

so that a minimum of four other satellite test station simulators
comparable to the 6883 could be operated simultaneously from the same
instructor station. Thus, it was considered important to be able to
estimate the incremental cost of hardware and software development
associated with the additional computer that provides master control
for simultaneous operation of the satellite simulators.

A similar difficulty was encountered in regard to estimating
the actual test station costs. ATC maintains two Burroughs D84 computer
processors and related peripherals to actually "run" automatic fault
isolation tests on ten test stations (including the 6883) used in F-ll
training. Developing life cycle cost information on these Cenpac com-
puters for purposes of allocating costs to the operation of the 6883
test station was seen to be a project equal in scope to the cost analy-
sis of the 6883 test station and the effort was not undertaken.

These two problems highlight difficulties associated with
attempting a cost analysis of subsystem components in the absence of
a total system analysis. Although the 6883 test station and simulator
are discrete elements in the training system, it is not known how
representative they are of other system components. To illustrate this
point, consider that the cost of maintenance for the 6883 test sta-
tion was based on maintenance records. For purposes of comparison

with the simulator, we have no way of judging if these costs are repre-
sentative of the other test stations. Similar problems of representa-
tiveness arise with respect to the costs of courseware development.
To summarize, then, the cost analysis should be understood as an effort
to document the respective cost experiences for alternative training
devices and that it omits important considerations and detail needed
for generalizations about the cost of simulation at the training system
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level. Hence, a fixed effects analysis of two specific training devices
is provided here.

Reliability of the Training Equipment

A fundamental issue involved in the evaluation of simulated

training devices, and the 6883 3-dimensional simulator in particular,
is tiaining equipment reliability. Clearly, equipment malfunctions
have potential impact on the assessment of both performance and cost.
Fink and Shriver (1978) conducted a survey of maintenance instructors
and ascertained that 43 percent of those interviewed considered the

actual equipment trainer (AET) they were using to be unreliable. Un-
scheduled maintenance downtime for a one-year period ranged from a low
of four hours to a high of 6,654 hours.

While malfunctions of both the 6883 test station and simulator
were observed, actual training time was lost due to the availability
of the two training instruments. The frequency of equipment failures,
however, was sufficient to cause disruption of routine training and
data collection. The major impact of malfunctions on the evaluation
design was on the random assignment of trainees to experimental groups.
Flexibility in evaluation design was essential to allow for unexpected
changes in the training schedule and to minimize the potential loss of
performance data.

These periodic interruptions or alterations in training still
had some minor effects on our testing schedule, although a more signif-
icant impact resulted when the 6886 test station, the "partner" test
station in the Converter-Flight Control System's block of instruction
was not operational and remained unavailable for training from late
August to mid-October 1979. During this time, four classes (21 stu-
dents) did not receive 6886 practical training. Since our research
design included assigning students to groups by training sequence
(whether they received 6883 training before or after 6886 training),
it was not possible to place these 21 students in the established
sequence categories. This third type of training format was eliminated
as a confounding factor when the analysis of training sequence found
it to be unrelated to performance (rf. p. 43). It should be noted that
impacts on 6883 training and performance due to equipment failures in
other training blocks prior to the Converter-Flight Control blocks
were anticipated, but uncontrolled in this research design. For
example, in some instances, the first experience students had with an
operational test station came in the Converter-Flight Control block.

In large part, equipment reliability defined the format of the

training approach used on the actual test station equipment. Unlike
the approach with preprogrammed malfunctions on the simulator, the
acquisition of practical experience was dependent on pre-existing or
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unexpected equipment failures. This was particularly true of the
trouble-shooting aspects of training. In its extreme forms (which were
observed during the experimental period), this dependency resulted in
very limited training. At those times when all test replaceable units
(TRUs) and line replaceable units (LRUs) operated without malfunction,
it was not possible to demonstrate trouble-shooting techniques. At
other times when a specific TRU failure caused the test station to be
inoperative, no training was possible.

Finally, equipment malfunctions during training sometimes
resulted in different training sequences for various classes. To main-
tain student flow, ATC maintains a policy of moving on to another phase
of training and returning to the block of instruction that was missed
when the equipment becomes operational. In some instances, when speci-
fic AETs remain inoperable for long periods of time, a class may not
receive any training in a particular block. A "training deviation"
is filed for the class and graduation occurs as scheduled. With
respect to the evaluation effort, these random variations in the
training sequence made it impossible to assess the efforts of prior
training on performance in the 6883 practical block of instruction.

Status of the 6883 3-Dimensional Simulator

The 6883 simulator was not completely operational upon arrival
at Lowry in June 1978. Much time was devoted to "debugging" training
exercises and modifying the hardware to improve the system (Schneider,
1978). While these activities did improve the performance of the
system, the formative evaluation also delayed the start of this data
collection effort and resulted in additional costs which would normally
not be incurred in the acquisition of a production model of the
simulator. These costs were monitored and particular attention was
given to them when implementing the cost analysis (rf. p. 72). All
modifications to the simulator were monitored carefully to ensure that
both the capabilities and limitations of the equipment were considered
in designing student performance measurement instruments.

Assignment and OJT in the Field

Once trainees are assigned to the field, they enter the train-
ing phase called on-the-job training (OJT). Field training is rela-
tively informal and is designed to develop the skills needed to operate
and maintain the assigned test station.

Field site visits conducted in the course of the project,
revealed that the number of technicians available and their tech-
nical competency upon arrival determined the extent and type of OJT
received. Due to the individualized approach to providing OJT in the
field, it was not possible to use the extent and type of OJT required
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as an indicator of training effectiveness. Another method of assessing
field performance considered was to record the number and cost of re-
placement parts requested and used by new technicians to perform test
station and LRU repairs. Utilizing this indirect measure of training
effectiveness was not feasible either due to the complexities of ob-
taining such data in the field. In short, it was difficult to isolate
clear measures of long-range impact of simulator training.

It was anticipated that the performance of simulator-trained
personnel and actual equipment-trained personnel would be compared
at specified intervals of time in the field. The effects of on-the-
job training were expected to be present and constant in both groups
and, therefore, any differences in performance could be attributed to
the mode of training. Clearly, with variable amounts of OJT, this
assumption was not valid. In fact, if the originally proposed time
series sampling framework was used, differences in performance due to
training would be reduced as time in the field increased. Therefore,
in order to obtain some measure of the long-range impact of simulator
training on performance, it was necessary to devise a method of esti-
mating job proficiency prior to field assignment, and to collect sub-
jective ratings of field performance from supervisors shortly after
the field placement (within about two weeks).

From discussions with ATC staff and field personnel, it
became apparent that field assignments are made in view of the momen-
tary demand for specific automatic test station operators. Thus, at
best, only a small, undetermined number of airmen trained to operate
the 6883 test station were expected to be assigned to the 6883 or 6873
test stations in the field. Although the nature of the field assign-
ments remained a design variable, it was clear from the outset that

extremely unequal sample sizes for students assigned to 6883 and
other test stations would be obtained.
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CHAPTER 4

METHODOLOGY

This chapter provides a discussion of all data collection
instruments developed to assess both classroom and field performance

as well as costs. The data collection and management techniques
employed are also outlined. In addition, this chapter includes a dis-
cussion of some preliminary analyses conducted to verify the research
design and performance test administered. An analysis of all data
collected is provided in Chapter 5 of this report.

Assignment to Treatment Groups

A total sample of 115 F-ill avionics maintenance trainees
participated in this study. Students were assigned to the eight treat-
ment groups defined by training sequence and the two levels of training
mode and test mode. Each "training class" was partitioned into two
approximately equal groups for assignment to levels of training
sequence and mode, whereas the "student" was the unit of assignment to
a level of test mode. It should be noted that although training
sequence was initially considered in the assignment strategy, subse-
quent analysis indicated that performance did not vary as a function of

training sequence (rf. p. 45). The distribution of students among the
four remaining experimental groups is shown in Figure 4.

TRAINING MODE

Simulator Actual Equipment

TESTING Simulator 28 29

MODE
Actual 28 30
Equipment

Figure 4. Distribution of Students Among
Experimental Groups

The assignment of students to groups was essentially random.
The schedule was adjusted monthly in an effort to maintain approxi-

mately equal group sizes throughout the data collection period. Since
the adjustments made were necessary due to random fluctuations in class
size, unscheduled deviations from the course timetable, and unpredicted
equipment malfunctions, the overall attempt to randomly assign students
to experimental groups was not compromised.

Despite this effort at random assignment, it was conceivable
that observed performance would be a function of student aptitude.
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To justify attributing any observed differences to training mode, it
was necessary to consider pre-existing individual differences among
students. To examine the possibility that a matched sample strategy
should be included in the assignment plan, the relationship between
aptitude scores and scores on prior instruction block exams, and
performance in the 6883 theory and practical blocks of instruction was
analyzed for a sample of 104 trainees over the previous two years.
Table 1 shows that this analysis indicated that only modest correlations
existed between aptitude, as measured by Air Force testing protocols,
and the 6883 theory training block scores. No relationship between
aptitude and practical block scores was found. This may be due to the
"pass-fail" system used to rate practical performance. It is important
to note that the analysis of prior performance was based on previous
block examinations which have been continually revised to reflect
changes in course content. Therefore, these findings are not
necessariZy generalizable to the test instruments used in this evalua-
tion effort. Although no systematic bias due to aptitude was expected
to confound the performance measures and a matched sample design was
not used, group equivalence was again examined as part of the analysis
(rf. p. 45). No significant relationship between aptitude scores and

performance was found.

The final issue considered which relates to the assignment of
students to treatment groups is the procedure used to make field
assignments. Evaluator control over this factor was not possible since
assignments are made on the basis of demand in the field. Thus, data
collected subsequent to field assignments were analyzed separately for
trainees assigned to the 6883 or 6873 test station and trainees assigned
to other automatic test stations. It was expected that the group sizes
would be unequal on this factor. In fact, our field follow-up data
for the first 63 students indicated only 12 were ever assigned to the
6883 or 6873 test stations, and only six of these were still assigned to
the 6803 or 6873 stations at the time of our second follow-tip.

Data Collection

Consistent with the three components of the evaluation design
discussed earlier in this report, three general types of information
were collected: classroom-related data, field-related data, and cost-
related data. The strategy for collecting classroom and field data
was carefully designed to minimize, as much as possible, the number of
interruptions of normal Air Force procedures.

Classroom-Related Data

As a result of a cooperative agreement between ATC and HRL, one
day at the end of the Converter-Flight Control Systems practical block
of instruction was made available to DRI for data collection. rhis
temporary departure from the normal training schedule, effective for
the duration of this project, allowed data to be collected without
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TABLE I

Correlations between Student Characteristics and

Prior Performance and 6883 Test Station Performance

Factors 6883 Theory Block 6883 Practical Block

Age .09 .19

Sex .17 .15

ASVAB-General .26* .36

ASVAB-Mechanical .11 .10

ASVAB-Administrative .09 .22

ASVAB-Electronics .29* .28

AFQT .29* .37

Fundamentals of Electronics .41** .36

Avionics .41** .23

CENPAC .10 .01

DATAC .06 .21

CATE .51** .37

Test Station 6863 .39** .33

Test Station 6886 .41** .22

*Significant at .05 level.

**Significant at .01 level.

A 4M.



altering the usual 6883 training protocol. Allocating one day for
testing immediately following the 6883 training was extremely helpful
to this evaluation effort for a number of reasons. First, the logis-
tics of integrating the data collection into ongoing training were
simplified. Second, the use of the actual or simulated 6883 test
stations occurred as it normally would if there had been no evaluation
effort. Third, the availability of testing time immediately following
6883 training eliminated the possibility that observed performance
would be adversely affected by intervening training. Finally, collect-
ing performance data from each student at the same point in the train-
ing sequence ensured that all students had similar levels of training
at the time of testing. Clearly, the cooperation of ATC in this
matter was essential to the evaluation effort and DRI is appreciative
of their assistance.

In order to collect all information required from an entire
class of students (usually six) in a single day, it was necessary
to administer the performance tests and conduct the interviews in a
different order for each student. Administration of the trouble-shoot-
ing performance test for the first student was followed by the personal
interview. During the time that any one student was being administered
the trouble-shooting performance test, the remaining students, who had
either completed or were awaiting their turn to be tested, were given
a Projected Job Proficiency Test. When all students in a class had
completed the performance test, the Projected Job Proficiency Test,
,and had been interviewed, the evaluation day was complete.

Prior to the evaluation day, DRI staff reviewed ATC records for

the current class to determine if any training deviations had occurred
or if any unscheduled maintenance periods were recorded. The type of
training received was also recorded and it was confirmed that the
experimental group assignments were still valid.

Since the F-111 maintenance course was restructured (rf. p. 21),
it was necessary for ATC to revise test instruments to reflect changes
in course objectives. Thus, it was not appropriate to compare the
performance of previous classes trained on the 6883 actual test station
equipment to the performance of classes trained on the 6883 simulator.
Our evaluation plan considered this factor and a design element which
allowed us to collect 6883 performance data from students trained on
the actual equipment as well as on the simulator was included.
Additionally, all performance scores on instructional blocks before
and after the 6883 blocks were recorded for students included in this
study. The following sections provide a brief discussion of the major
data collection instruments developed and other sources of classroom-
related data.

Student trouble-shooting ability test. This test was designed
so that it could be administered on either the actual test station
equipment or the simulator. The primary focus of this test was on
trouble-shooting skills; the problem selected included the identification
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and correction of a malfunction in an LRU and a simultaneous malfunction
in the test station. The test was designed to examine the ability of
a student to perceive the test station and its associated LRUs as an
integrated system. The two-step nature of the malfunction was chosen
to test the logical process of trouble-shooting. The test was dis-
similar to the lessons available on the 6883 3-dimensional simulator and
to the majority of malfunctions encountered on the 6883 actual equip-
ment. Thus, the task was new to all students.

The trouble-shooting test items, which were individually scored
by trained Denver Research Institute personnel, are shown in Section
A-i of Appendix A. Each item constitutes a descrete step that a stu-

dent had to complete in order to identify the malfunction. In addition
to recording the completion (and noncompletion) of the required steps,
the nature of all errors committed was noted on the scoring form. An
analysis of these errors was conducted to isolate any differences
between students trained on the 6883 3-dimensional simulator and actual
test station equipment. In addition to the measures or performance,
time to complete various portions of the test and degree of instructor
assistance required during testing were also recorded. It should be
noted that at specific points in the test protocol, instructor prompt-
ing was necessary; the amount of information provided was controlled
as well aa possible. As Shriver and Foley (1974) discussed, however, it
is difficult to ensure that consistent information is provided because
few technicians use the same logic tree to solve a problem. Information
that is useful to one person might be unenlightening to others.

The emphasis on trouble-shooting performance testing was vali-
dated by field personnel at both Plattsburgh and Cannon AFBs. Twenty-
four avionics personnel, having at least two years of field experience,
were asked to rate the relevancy of the 6883-related STS standards to job
performance. Trouble-shooting test station malfunctions was considered
the most important job skill. Respondents also rated the ability to
analyze a specific problem logically as a critical skill. Understanding
the operation of the test station, its component TRUs, and associated
signal flow were considered necessary to effectively trouble-shoot
the station and LRUs. The mean ratings of all STS standards by field
personnel are shown in Table 2.

Student and instructor interviews. Each student participating
in the study was interviewed immediately after they completed the
trouble-shooting test to obtain their opinions and attitudes concerning
the use of simulators in training. The interview guide is shown in
Section A-2 of Appendix A. In addition to the collection of student
data, each trainee's personal file was reviewed. Demographic informa-
tion, aptitude scores, and prior and subsequent block scores were
recorded.

The ATC Instructor Questionnaire was administered in December
1979 to 20 instructors in the F-ill training program at Lowry AFB.
They were asked to respond to questions regarding the general use of
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TABLE 2

Summary of STS Ratings by Field Personnel

STS Item Rating

General (n=24)

Purpose and function of test station (27a) 3.7

Theory and signal flow of switching complex (27bi) 4.2

Theory and signal flow of switching control unit (27b2) 3.85

Theory and signal flow of ratio input filter (27b3) 3.15

Theory and signal flow of FCS adapter (27b4) 3.05

Theory and signal flow of CDU adapter (27b5) 3.1

Theory and signal flow of SCU controller (27b6) 3.45

Theory and signal flow of parallel digital adapter
(27b7) 3.35

Theory and signal flow of serial digital adapter (27b8) 3.5

Theory and signal flow of digital interface unit (27b9) 3.6

Theory and signal flow of signal converter simulator
(27bi0) 3.55

Perform confidence test for test station (27c) 2.3

Perform diagnostic testing of the test station (27d1) 3.65

Trouble-shoot malfunctions of the test station (27d2) 4.35

Perform maintenance of the test station (27d3) 3.7

Verify/calibrate the test station (27d4) 3.0

Feel and Trim (n=23)

General information and electrical characteristics (28al) 3.4

Data flow and interface with test station (28b1) 4.0

Test and inspect (28cl) 2.85

Rating scale: 1 2 3 4 5
irrelevant slightly relevant very critical

relevant relevant
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TABLE 2 (cont.)

STS Item Rating

Isolate malfunctions (28d1) 4.05

Repair (28el) 3.4

Multiplexer Converter (n=23)

General information and electrical characteristics (28a3) 3.65

Data flow and interface with the test station (28b3) 4.0

Test and inspect (28c3) 2.85

Isolate malfunctions (28d3) 4.05

Repair (28e3) 3.35

Flight Control Computers (FCC) (n=23)

General information and electrical characteristics (28a4) 3.1

Data flow and interface with the test station (28b4) 3.7

Test and inspect (28c4) 2.75

Isolate malfunctions (28d4) 3.2

Repair (28e4) 3.1

Other LRUs (please specify any other LRU or Astro Electronics) (n=2)

General information and electrical characteristics (28a5) 3.5

Data flow and interface with the test station (28b5) 3.0

Test and inspect (28c5) 2.0

Isolate malfunctions (28d5) 2.5

Repair (28e5) 2.5
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TABLE 2 (cont.)

STS Item Rating

General Capabilities (n=23)

Practice housekeeping consistent with safety of personnel

and equipment (3b) 3.55

Apply safety precautions pertaining to using tools and

equipment (3a) 3.7

Use of technical manuals as a source of information for

performing maintenance and inspection (4b) 4.1

Selection, care, and use of hand tools (10a) 3.2

Apply safety precautions pertaining to high voltage (NA) 4.3

Use of maintenance data collection forms (7c) 2.65

Additional Tasks Not Listed

Reading of test data charts with the aid of shop
systems TO 5 (n=3)

Reading flight line malfunctions from 350 tags and

associate with failure while on test station 4 (n=5)

Understanding of TRU and LRU circuitry relationships

and approaching trouble-shooting tasks in a logical
manner rather than using a shotgun method 4.5 (n=5)

Theory and signal flow of phase sensitive converter TRU 5 (n=2)

Theory and signal flow of ratio-transformer TRU 5 (n=1)

Theory and signal flow of station miscellaneous switching
unit 4 (n=1)
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simulators in training and about the 6883 3-dimensional simulator in
particular. Due to schedule constraints, annual leave, and educational
commitments, it was necessary to allow the instructors to complete the
questionnaires when possible and return them to DRI staff. This ques-
tionnaire is provided in Section A-3 of Appendix A.

Course content and equipment malfunction. The effort to deter-
mine the nature of actual test station use in training included the
collection and review of course-related documents, interviews with
instructors and students, and direct observation of classroor
proceedings.

Additionally, the specific training received by students on both
the 6883 actual test station and simulator was recorded. The training
received was categorized according to the TRUs of the AET or simulator
addressed in the lesson, the LRUs which were included in the training
period, and the complexity of the training. Training equipment malfunc-
tions for both pieces of equipment were also recorded. This was accom-

plished by reviewing maintenance department records for the AET and
reviewing the daily log, maintained by ATC and HRL personnel, for the
simulator. In addition, appropriate instructors were interviewed to
corroborate the written records for both trainers. An emphasis in
compiling equipment malfunction data was on those malfunctions which
in any way interrupted or interfered with the training of the avionics
technicians. Therefore, the data presented does not include all equip-
ment downtime, but only those instances or periods relevant to the
study. This information served a dual purpose: to track any effects of
malfunctions on training and to provide information for cost analysis.

Data was also' collected regarding deviations in training for
students during the period of their 6883 training. Deviations are
given to students who, for any of several reasons including equipment
malfunctions, have not received all of the required training time in a
particular block. Reasons for deviations range from adverse weather
conditions to Base Commander authorized events to equipment breakdowns.

Field-Related Data

It was originally planned to assess the possible impact of
simulator training on actual job performance. As previously discussed
(rf. p. 27), differences in job performance as a function of training
equipment would be obscured by the variable nature of OJT. To circum-
vent this problem, we developed a paper-and-pencil test as a predictor
of future job performance. This instrument was administered on the
test day immediately following 6883 training.

Subsequent to permanent field assignment, all technicians who
participated in this evaluation project and their field supervisors
completed follow-up questionnaires. Since former students could be
assigned to any one of three work shifts or were on temporary leave
for medical or educational reasons locating them was itself a
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difficult task. Field personnel were instrumental in this aspect of
the data collection effort. They assumed the responsibility of dis-
tributing the questionnaires and forwarding all information to DRI.
Generally, the technicians and their supervisors completed the ques-
tionnaires at their assigned station. Only about 15 minutes of each
person's time was required.

Predicting job proficiency. In order to insure the validity
of the Projected Job Proficiency Test, a criteria of job proficiency
was established. Questions were solicited from supervisors which they
felt would reflect what is expected of newly trained personnel. A
total of 75 questions (and answers) were received. From these and
questions obtained from Lowry AFB instructors, a 70-item pencil-and-
paper test of job proficiency was developed (Section A-4 of Appendix
A). Since time constraints did not permit pretesting the instrument
on student populations prior to implementation, the following pre-
cautions were taken: (1) the test instrument was shown to ATC instruc-
tor personnel and the 6883 curriculum supervisor for comments regarding
the applicability and validity of the questions utilized, and (2) an
item analysis capability has been incorporated into the data collection
instrument to permit an item analysis of the test instrument. Prior
to implementation, the test instrument required only one modification,
as suggested by ATC personnel.

Field technician survey. To generate field performance data,
the originally proposed field performance task was replaced with an
interview questionnaire. Technicians who had participated in the
evaluation program and were subsequently assigned to the field were
asked to rate the adequacy of their ATC F-111 training and its rela-
tionship to their field work. Those technicians who had contact with
the simulator during training were asked specifically to rate the ade-
quacy of simulator training. Section A-5 of Appendix A includes this
questionnaire.

Field supervisor survey. Technicians in OJT are assigned a
supervisor who assists them in becoming familiar with the responsibili-
ties of field assignments and who rates their performance during the
OJT period. The supervisor may work at the assigned test station with
the technician or may only be available to answer questions on an
as-needed basis. Personnel limitations require that one supervisor
be responsible for more than one technician in most cases. These
supervisors were asked to rate the performances of technicians in
areas of housekeeping, use of testing equipment, knowledge of LRU and
TRU circuit flow and operation, and trouble-shooting initiative. There
were a total of 25 items on which each technician was rated.

As originally planned, former students were to be rated after
three, six, and nine months of field experience. It was felt, however,
that by six, certainly by nine months, any effects of training would
have been diluted by formal OJT and practical experience obtained in
the field. Thus, field follow-up data were collected in September and
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October 1979 (after 2-20 weeks of field experience) during on-site in-
terviews by DRI staff. In January 1980 (after 2-34 weeks of field ex-
perience), data was again collected on all students using a mail ques-
tionnaire. Treating time in the field as a continuous variable allowed
us to examine performance differences as a function of time. The
supervisor rating form is included as Section A-6 of Appendix A.

Cost-Related Data

A comparison of life cycle costs associated with the 6883 simu-
lator and AET--under the assumption of equal training effectiveness--
was conducted to determine which trainer was more cost-effective. Since
the 6883 simulator is one of the first such devices introduced into the
intermediate level maintenance training environment, this analysis will
also serve as a point of reference for a discussion of simulation options
available in Air Force maintenance training.

The question of which trainer is more cost-effective can be com-
plicated when different training equipment utilization patterns for the
simulator and AET also produce differences in training effectiveness.
For example, the more costly equipment alternative might still be the
most cost-effective because the equipment, together with its utilization
strategy, produces proportionately greater training effectiveness.

These complications were not encountered in the evaluation be-
cause the total training environment was not disturbed by the introduc-
tion of the simulator. That is, with the introduction of the simulator,
no new training strategy was imposed which could have been expected to
result in differences in training effectiveness. Thus, the comparison
of only the life cycle costs of the two equipment items is a rialistic
way to establish which of the trainers is more cost-effective.

2 It should be noted that the term, "cost-effectiveness," is used

here in a limited sense: . .."which of two or more equivalent training
systems has the least total cost of ownership." The notion of cost-
effectiveness of simulation in training is a broad concept that presumes
(a) equal effectiveness of both simulators and actual equipment trainers
and (b) that student performance can be gauged by objective performance
criteria associated with student task performance on the actual equip-
ment. In this context, cost-effectiveness analysis of simulation train-
ing would include a determination of the marginal utility of the simula-
tor; that is, at what point does greater use of the simulator no longer
reduce training costs for the simulator-AET combination. Orlansky and
String (1977) develop this important topic in their review of Cost-Ef-
fectiveness of Flight Simulators for Military Training. This issue is
not engaged in the present cost analysis because the amount of training
could not be systematically varied (for institutional reasons), nor
could student performance of trouble-shooting tasks be ascertained using
existing Air Force performance criteria. This assessment is not inten-
ded to be a criticism, rather it is a comment on the maturity of simu-
lation development for the maintenance training field.
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Life cycle cost comparison. The approach taken to the develop-
ment of the life cycle cost comparison considers that the simulator is
a replacement alternative to AET. The respective cost streams for each
of the trainers were calculated for a projected 15-year life. Since
the comparison used 1978 as the reference year, AET costs incurred
prior to 1978 were adjusted according to the annual inflation rate to
establish investment costs in 1978 dollars. Operating costs were dis-
counted at 10 percent annually to establish net present value in 1978
dollars. 3 Figure 5 displays tile framework for cost comparison and tile
major categories for which input data were acquired.

Cost Categories Simulator AET

Facilities

Equipment

Industrial Materials

Personnel

Students

Miscellaneous

TOTAL (construction $)

NPV (1978)

Cost Effectiveness ($
per student-hour)

Figure 5. Life Cycle Cost Comparison Framework

Related cost models. Two studies concerned with the cost of

training systems have been particularly useful in this work. The Naval
Training Analysis and Evaluation Group (Braby, Henry, Parrish, &
Swope, 1975) developed a cost model which included methods for evaluat-
ing the elements in each cost category shown above. A computer program
for calculating total training cost was also provided. The TAEG model
and its cost element estimation procedures would have been used in this
work except for two drawbacks: (I) the model contains insufficient
detail concerning the equipment acquisition life cycle phase that was
considered important here, and (2) the emphasis given the TAEG model
was one of predicting costs of alternative systems for the purpose of
cost minimization and not for predicting total costs of system
ownership.

3 This discount rate is consistent with MB Guidelines (Circular
A94).
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The Air Force Human Resources Laboratory, Wright Patterson AFB
(Eggemeier et al., 1979) completed a life cycle cost estimation for
F-16 simulated and AET equipment maintenance training systems in which
they used the Braby model as a starting point. In addition, they incor-
porated a logistics support cost model to estimate elements in the
equipment cost category. The latter model was originally developed by
the Simulator System Program Office (SPO) to estimate costs for air-
crew simulators. The principal value of the logistics support model
is that it can be used to estimate certain cost elements based on func-
tional relationships derived from historical acquisition data. This
technique was helpful in the present study for estimating sustaining
investment costs associated with the 6883 AET operation. In addition,
the F-16 analysis also provided guidance in estimating elements in
other cost categories. These cost elements were directly related to
ongoing efforts since F-16 training will be conducted at Lowry AFB
when these trainers become available.

Thus, the cost model presented in this study is perhaps best
thought of as a method for organizing and tabulating cost elements
("ingredients") for which historical data are available. The sources
of the historical data for the AET station used in this cost comparison
included the 3450th TTG Avionics Branch and the Logistics Support Group
(Lowry AFB). The sources of data for the simulator include AFHRL/TT
(technical monitor for the simulator contract) and the manufacturer of
the simulator.

Data Management

After students completed their F-Ill training and performance
data were collected, coding forms designed by DRI were completed and
the data were entered into a computer tape file for subsequent analysis.
At this point, all data except field follow-up data had been collected
for each student.

The data collected regarding training deviations, training

received, unscheduled maintenance, and personal interviews were also
organized for analysis by DRI. When the evaluation period was con-
cluded, the impact of these various factors on training and performance
was assessed.

Field follow-up data were collected and checked against a list
of the technicians, their base assignments, and length of time in the
field. A search was initiated to find those technicians who were not
at the base to which they were assigned at graduation.
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CHAPTER 5

RESULTS AND DISCUSSION

The primary focus of this cost and training effectiveness eval-
uation was to examine classroom and field performance as a function of
training mode (AET or simulator) and to assess the costs of using the
alternative types of training equipment. This chapter provides a dis-
cussion of all evaluation findings together with the outcome of all
supporting analyses undertaken.

Preliminary Analyses

In order to insure that any observed differences in student
performance could be attributed to the training equipment used, it
was necessary to consider two possible sources of confounding: train-
ing sequence and pre-existing student differences.

Impact of Training Sequence on Performance

Variations in the sequence of training on the 6883 and 6886
test stations were inherent in the ATC environment. Although testing
followed both segments of training, for some students 6886 training
preceded both 6883 training and subsequent DRI testing, for others,
it occurred between 6883 training and the testing. To control for
possible 6886 interference, this factor was therefore added to the
basic experimental design, resulting in two levels each of training
mode, testing mode, and training sequence.

Failure of the 6886 test station equipment late in the exper-
iment made this scheme less tenable, for 21 of the 115-student sample
did not receive any 6886 training. Two solutions to this problem were
considered. One was to add a third level of the training sequence
factor and call it "none." It was decided, however, that adding a third
level to the training sequence variable would result in a loss of sta-
tistical power without contributing to the analysis of interference
effects. The more viable approach taken was to examine the impact of
training sequence independent of the 21 students who received no
training on the 6886 test station. If there were no apparent differ-
ences in student performance as a function of training sequence and if
all three types of sequence were equally distributed across training/
testing modes, then it would be reasonable to collapse across the
sequence factor for all remaining analyses.

Table 3 presents descriptive statistics for the three overall
: trouble-shooting test measures--total test score, total time to test

completion, and a rating of the degree of assistance required--as a
function of training sequence and experimental conditions. Note that
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TABLE 3

Overall Trouble-Shooting Test Proficiency as a
Function of 6883-6886 Training Sequence and

6883 Training/Testing Mode

1 Mode of Training-Testing

Training Actual! Actual! Simulator/! iultr

Sequence* Actual Simulator Actual Simulator

6886 then N I12 12 1 12
' 6883 Rl 24.08 22.25 23.33 22.75

ar1 1.56 1.48 1.50 1.66

- 6883 then NI 10113
Nfl 22.13

6886 x 23.00 23.40 23.27 2.9
0 f 2.26 1.65 11 0.90 1.66

6886 then Nf 12 12 1 9 12
I 6883 i I52.67 61.50 48.22 58.08

a ~ 11.11 8.04 4.97 8.89

0 83then N 1!10 10 11 13
* 6886 5j 475 680 57.64 55.31

a 6.64 8.31 i 7.86 11.09

6886 then N 1 12 9
6883 x 2.21 2.25 1.67 2.33

V.a 0.80 0.62 0.71 i 0.78

W 6883 then -N.-10-10--11 - 13
(06886 i 2.20 2.10 2.64 23

0.63 0.74 0.67 0.75

*For the three dependent measures shown the main effect of

training sequence was not significant.
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there is a discrepancy between the reported sample size of 89 and the
94 students who actually participated in the study. This difference
resulted from the fact that five students solved the experimental
problem prematurely--they detected the blown fuse without proceeding
through the required steps. In such cases, data were recorded for the
particular items completed, but these students were not included in
analyses of overall proficiency.

Subsequent two-way analyses of variance on these data revealed
no significant main effects of sequence F(1,81)<1 for both total score
and time to completion. Nor were the ratings of degree of assistance
required distributed unequally between 6886-first and 6883-first
training sequences (X2 (2) = 1.251, 1' = .535). The lack of relationship
between training sequence and overall performance was even more appar-
ent when point-biserial correlations were computed. The coefficients
relating sequence to total score, total time, and assistance were .015,
-.059, and .116, respectively. It seems reasonable to conclude that
intervening 6886 training had no appreciable effect on experimental
testing.

The second important consideration was whether or not the final

three sequence levels (6886-first, 6883-first, and none) were distri-
buted equally across the four experimental conditions. If not, it might
be argued that the presence or absence of 6886 training per se could
influence the findings. A tabulation of the actual and expected fre-
quencies of students across conditions is provided in Table 4. Using
a chi square analysis, no evidence was found to suggest that levels of
sequence were distributed unequally across the training/testing modes
(x (6) = 5.533, p = .477).

In summary then, the potential interference of intervening 6886
training upon 6883 performance was not substantiated. The three levels
of training sequence obtained appear unrelated to the four critical
experimental conditions. Since some change in the evaluation design
was necessitated by the 6886 training deviations and the expansion of
the sequence factor to three levels would add little while reducing
statistical power, training sequence was ignored as a factor in all
subsequent analyses.

Tests for Bias in Gro T Ass4nmenlts

Having eliminated training sequence from further anal yses, it
was necessary to determine if any meaningful pre-existing differences
existed between students assigned to the four remaining experimental
conditions. The biasing factors considered were sex, aptitude, and
achievement in prior training blocks.

Bias due to sex. Although it is difficult to predict just how
the training and testing modes might differentiallv affect men and
women, sex was considered an Important factor in any possible biasing.
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TABLE 4

Distribution of Students Across Experimental Conditions
as a Function of Eventual 6886/6883 Training Sequence.

Mode of Training-Testing

Actual! Actual/ Simulator/ Simulator/
Actual Simulator Actual Simulator !Total

6886 then 6883 14(12) 12(12) 9(11) 12(11) 47

U

6883 then 6886 12(12) 10(12) 11(11) 13(11) 47

W

none 3(5) 7(5) 8(5) 3(5) 21

Total 30 29 28 28 115

Note: Expected frequencies for each cell are in parentheses.
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fable 5 presents the distribution of students across experimental groups
by sex. Not surprisingly, a chi square analysis of these data failed
to show any significant relationship between sex and group assignment
(X2 (3) = 2.637, p = .451). Thus, there is no reason to believe that
males and females were unequally distributed among experimental groups.

Bias due to inherent ability. Perhaps a more pertinent question
is whether or not these groups of students differed in their basic
abilities. Two sets of test scores were used to address somewhat dif-
ferent aspects of this question. The first set of scores included the
results of five standard Air Force screening instruments used to measure
student aptitudes. A one-way analysis of variance was completed for
each type of score by assignment level and the resulting values are
presented in Table 6.

A word of caution must be offered with regard to interpreting
the exact probability levels reported. Despite the fact that these
scores cannot be considered truly independent because the same students
produced the scores for each measure, some adjustment must be made to
avoid capitalizing on chance. Miller (1966) suggested that even when
such multiple tests are not independent, a significance level of
-/n (where - = some probability and n = the number of tests performed)
on each test will guarantee, with a probability of at least I - -, that
no true null hypothesis will be rejected (Fisher's method of adjustment).
For the present situation, then, this method suggests that the meaning-
ful significance level should be .01(.05/5).

Admittedly, this approach is rather conservative, especially
for the purposes of identifying possible biasing factors. If Fisher's
adjustment is not used, however, less weight must be given to an
occasional significant result if it occurs along with a number of
results that are nonsignificant. Thus, the marginally significant
difference (p = .09) between groups on AFQT scores is of dubious
importance.

Rather than dismiss this finding out of hand, however, a corre-
lational analysis was performed to determine to what extent, if any,
these AFQT scores were related to the three primary experimental per-
formance measures. The resulting correlation coefficients were .065
for total test score, -.176 for total time to completion, and -.143
for the degree of assistance required. These correlations are not sig-
nificant even at p = .1 (df - 80). Thus, any difference in aptitude,
as measured by the AFQT, is not related to subsequent trouble-shooting
performance.

Bias due to prior achievement. Even more directly related to
the issue of student ability and group assignment was the second set
of measures which was comprised of the 11 prior block scores obtained
during avionics training. Practical test scores for the Electronics
System TS and Converter-Flight Control TS instructional blocks were
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TABLE 5

Observed and Expected Frequencies of Males and Females
by Experimental Training/Testing Modes

Mode of Male Female
Training/Testing Students Students Total

Actual/Actual 27(26) 3(4) 30

Actual/Simulator 23(25) 6(4) 29

Simulator/Actual 26(27) 2(4) 28

Simulator/Simulator 24(24) 4(4) 28

Total 100 15 115

Note: Expected frequencies are in parentheses.
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TABLE 6

Aptitude Scores as a Function of Experimental Group

Mode of Training/Testing

Aptitude Actual/ Actual/ Simulator/ Simulator/

Test Actual Simulator Actual Simulator F-Ratio

General

N 29 28 27 28

87.2 83.0 83.9 81.8 1.13

o 9.0 11.6 11.7 13.6 (p= .34)

Mechanical
N 29 28 27 28

79.0 74.1 75.7 74.3

o 16.8 17.2 18.9 19.6

Admin.
N 29 28 27 28

76.7 73.6 73.0 73.9 -1

o 16.8 19.8 18.7 17.6

Electronics
N 29 28 27 28

88.1 86.2 87.4 88.6 1

o 7.9 5.8 5.0 5.2

AFQT
N 25 22 20 22

81.7 75.3 8().4 74.3 2.20

10.4 11.6 11.8 12.5 (p .00)
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omitted from further study since aZ students received 'a grade of
"satisfactory." The remaining nine scores were included in an analysis

of variance (Table 7).

The argument made above concerning significance levels must
again be considered when interpreting these findings. Since nine tests
were made, Fisher's method suggests that a functional alpha-level of
.006(.05/9) be used. By this criterion, no significant differences in
group assignment were found as a function of prior achievement.
However, for purposes of identifying bias, those block scores with
marginal differences warranted further investigation. Specifically,
correlations were computed between the experimental dependent measures
and the Data Logic and CATE block scores. For total test score, the
correlations with Data Logic and CATE scores were .143 and .005,
respectively; for total time to completion they were -.177 and -.176;
and for the degree of assistance required they were -.017 and -.157
Since these correlations are not significant at p = .1 (df = 80), there
is no evidence that these prior achievement measures are related to
performance on the experimental task.

To summarize, three factors were considered as sources of
possible bias in the assignment of students to the four training/test-
ing conditions of this study: sex, aptitude, and prior ATC performance.
The groups did not differ significantly on any of these measures.
Further correlational analyses showed that even in those cases where
it might be argued that a slight bias existed, variables were not mean-
ingfully related to performance on the trouble-shooting test.

Analysis of Trouble-shooting Performance

A central issue to be addressed by this investigation was
whether simulator and actual equipment training would result in equal
levels of student performance on a practical trouble-shooting problem
as might be encountered in the field. Because of stringent selection
criteria used for entry into avionics technician training, it was not
surprising to find that students were fairly homogeneous with respect
to their prior performance in the program. Neither could marked dif-
ferences in subsequent performance be expected after such a brief
training manipulation. Thus, the test developed to isolate any train-
ing differences had to be particularly sensitive to differences in the
training equipment (rf. pp. 26-27). To reiterate, the test consisted
of a timed, serial, hands-on 29-item task which allowed three overall
dependent measures of performance: a total score, the total time
necessary for test completion, and a three-point rating of the degree
of assistance required for test completion.

Trouble-shooting as a Function of Training/Testing Modes

Table 8 summarizes performance as a function of training and

testing modes.
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TABLE 7

Previous Block Scores as a Function of Assignment
to Experimental Training/Testing Conditions

I Mode of Training/Testing

Prior Blc Actua~l/ Actual/ Simulator/ Simulator! I:-Ra t i
Bl )Actuai Simulator Actual __Simulator

FundZamuntZ)] 01 o N 30 29 28 28

Eerois \ 89.6 88.6 90.1 89.81

6.71 4 .92 7.28 5.81

flit roduct ioln to~ IN 30 29 28 28 1.23
Avionics. A~o >. 90.3 89.9 90.6 87.5 p =.30

Print ipies 6.43 6.74 6.41 6.81

CENPAC: N 30 29 28 28
x~i 84.9 82.2 85.6 84.5 1i

___ l 10.16 11.14 9.68 9.22 1

DATAC :N 30 29 28 28 1
S85.3 85.1 87.1 82.1 1

o 12.01 10.12 10.38 11.64 4
Data Logic Anal- N 30 29 28 28 1 .88
ysis of Counter x 84.2 82.5 89. L 86.2 p = .04

Ti me r & Powe r a 9.50 9. 38 8.70 7.4 9

Supplies

CATE N 30 29 28 28 13.62
~,89.7 84.5 89.4 84.1 p .02

a 8.31 8. 85 6 .94 9.35

Navigations & N, 30 29 28 28

Weapons Deliv- -kl 87.3 89.4 88.8 88.0 1

ery TS HI 10.38 9.05 9.73 8.25

Electronic M 30 29 28 28 1.581
Systems TS i!x1 92.0 87.2 89.6 87.6 P=.2

_________ , 8.49 9.63 9.33 9.88

Converter iN, 30 29 28 27
Flight Control -jz 87.1 85.8 87.0 86.0

LI _______ j~ 9.37 10.68 11.13 11.75
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TAB3LE 8

Overall Trouble-Shooting Test Proficiency as a
Function of Training and Testing Mlodes

Training Moder

Test Mode Actual TS Simulator

Q28

R 23.5622.82
cr 1.86 1.47

-4 Simulator N 29 28
x 22.6622.86

E2 1.56 1.53

Actual N 24 18
x 50.21 53.75
a 9.14 7.72

., )

Ca Simulator N 29 28
0 58.10 55.93

E 7.81 9.66

cn Actual N 24 28
w ) 2.24 2.29

Cf .66 .85

0. Q)

Sw Simulator N 29 28
R2.24 2.29

a .64 .71
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While all 115 students may have completed any 1.:1rticular tst

item, only 109 overall test scores are shown. This is due to th,
method of scoring the test. For those studei-s win' . ,I,

whatever reasons, to isolate the cause of t l l,] I fu ctil)t i ! :'.
fuse) without completing all of the intermedi.it. steps., 10 1 1V i

measures were recorded. Instead, data for the items LoiplIted wtrc.
included only insofar as they were in correct sequenti W order. It i,
interesting that all six students who prematurely detec ted t he B 1,'
fuse were in the actual equipment test situation where the, fuse ,, I
was necessarily activated prior to the test. Also, ]I11 six hud 11;
trained on the actual 6883 test station and this fi!Jiui,' :1,1-: t 7 l t
their familiarity with actual test station operation , r- I t , l ,.it
blown fuses, or possibly the importance of fidelitV hctv..: r-i
and testing equipment in general.

Three hypotheses were of particular interest:

1. Students trained on tile 6883 inIu lator i,1: t!, ,

test station are equally accurate in so!;iu.
trouble-shooting problems.

2. Students trained on tile 6833 simuilitor :n,! tC,, -- 1

test station are equally efficiCnt ill s iIVe
trouble-shooting problems.

3. Students trained on the 6883 simrilator ;and t') tO
test station operate the actual test stat iot i.. i i
equal proficiency.

To test the first hypothesis, a two-way ;ia1 sis W v;ri,,,,

was performed on the test score data with trainin, ,ul, t..t i
as the independent variables. The main effects of both i ,
nonsignificant (F( I,105) < 1) for 1 i,;) i n and " I .; 1,k .09,' .i

for testing) as was the interaction (F(1,105) = )'. , * . :2). lsI

there was no evidence to suggest that training d if or, it i. I1\ :11 t L.,11

accuracy of trouble-shooting.

The second hypothesis, regardint,, probleii-solvii ,, ,I ki i,

was tested by submitting the total completion t tile mcaslrc to ;i

analysis of variance similar to that for total scores. N : 1ill l
of training was revealed (F(1, 105) < 1) but i si,1i f ic':u t t , t il,

main effect (F(1,105) = 9.312. p =..03) !lld a ;I i ,i .' i W i i.
interaction (F(1,105) = 2.999, p = .086) were found. 111.11 i,5, P.'.r,-

less of training mode, students took ongeVr if testtdI o nh ;iltl, ,

than if tested on the actual 6883 test station; thlin; W ."t'll sol,-
* 1 what more pronounced for actual test station than for s irll|l Ior r;t I

students. It is interesting to note that this pattcri oI rt,.1Ilt! ,WI

also obtained for total test scores as slm glur ' ;i'o\v', ;itllou.,h Ili.'

effects were not statistically sipnificant.
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Based upon observation, there were two possible factors involved
in this finding. First, the simulator was slower to respond to student
input than the actual 6883 equipment, and thus, testing on tile simulator
resulted in slower overall completion times, even for those familiar
with the equipment. Simulator-trained students W110 were tested on the
actual test station did not immediately take ;adva!tagU o' the slightly
faster test station as did actual tqUipMLnt-trained student.-. Second,
because of this difference, the actual equipment-trained st tldents
learned to respond quickly. Therefore, when transferred to the simulator
for testing, more errors (increased tLime) were made until the student
became familiar with the difference in machine responses. This impres-

sion was not always consistent with item error rates since mistakes
that were corrected prior to step completion were not counted as errors.
For instance, if a student entered a test number too quickly for the
machine to record it properly, hut corrected the error before pressing
"test request," no error was noted. The pattern of partial test times
lends some credence to this notion. There was a difference of 7.89
minutes in total test time between actual-trained students who were
tested on the actual and simulated equipment, but 6.34 minutes of this
time had already accrued by the 19th test item.

Hypothesis #3 required an examination of the simple main effect
of training at the actual equipment level of testing. Completion times
for this actual/actual versus simulator/actual comparison did not
differ significantly (F(1,105) = 2.193, p = .14) while there was a
marginal difference in total test scores (F(1,105) = 2.903, p = .09).

That is, actual-trained students scored slightly higher on actual
equipment testing than simulator-trained students. This effect is
minor, though, and may be the result of machine-specific experience
rather than qualitative differences in training. It seems entirely
plausible, for example, that students would be more nervous being
tested on the real test station if their only experience had been with
a simulator where errors are not as serious.

A brief examination of the degree of assistance required was
carried out despite this measure's lack of sensitivity. The group
means reported in Table 8 are extremely similar and a chi square
analysis showed no evidence that ratings were related to experimental
conditions (X2 (6) = 9.63, p = .14).

In sum, then, simulator- and AT-trained students did not differ
appreciably with respect to overall trouble-shooting ability as
measured by the practical test. A very slight advantage in test accu-
racy was totmd for actuiil - ;io;poseto i mn hat or-t '. ied Sttldet't s

tested on the actual 6883, but this finding was not mirrored using
completion time as a measure. The simulator proved to be a somewhat
slower testing device which caused some interference for act ual-t rai ned
students.
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Training, Testing, and Specific Trouble-Shooting Test Item Analysis

Table 9 includes the error rates for each of the 29 items on the
experimental trouble-shooting test as a function of training and testing
modes. A review of the data suggests the following observations:

9 Of the five safety errors committed (item #1), four were
made by simulator-trained students and the fifth was made
during a simulator testing session. This finding sug-
gests that students may have failed to perceive the
simulator as an actual test station. Special efforts
should be directed toward ensuring that safety is not
compromised by this apparent difference in attitude.

e Seventeen of the 27 errors involving entering test num-
bers (items #2, #6, and #9) were committed during
simulator testing. This was most likely the result of
the simulator's somewhat slower response time noted
previously or a lack of sensitivity in the simulator
pushbut tons.

e No errors were made on item #5, since the completion of
this step was entirely a matter of automatic sequencing.
This item was excluded from determination of the total
test score.

a Students had particular difficulty with item #18--
rerunnning the test by returning to the previous "0-
ending" test number. The higher error rates for students
tested on the simulator again suggest that the poor
res ponse of the equipment may be responsible. Both the
AET and simulator had a test-repeat option button which
did not require returning to the previous "O-ending"
test number. Students trained on the actual equipment
often selected this option, which works but is not pre-
ferred in this case. This was recorded as an error.

o Students trained on the actual equipment were more likely
to suspect a test station fault and were better able to
apply the appropriate procedure (items #22-#25). This
difference may be the result of different amounts of
experience with test station malfunctions or related
to the notion that the simulator is not a real test sta-
tion and, therefore, not prone to malfunctions. In general,
decoding the fault isolation proved to be a difficult task
for students.

* As items #28 and #29 indicated, students tested on the
actual equipment did not offer alternative explanations
for the test station failure. This was related to the

1 _ _ _ _ _ _ ~53 _ _ _ _ _ _



TABLE 9

Error Rates by Experimental Condition for Trouble-Shooting Test Items

Mode of Training/Testing

Item # Actual/ Actual/ Simulator/ Simulator/

Actual Simulator Actuel Simulator

1. .00 .03 .04 .11

2. .03 .03 .11 .04

3. .03 .14 .07 .11

4. .07 .14 .00 .04

5. .00 .00 .00 .00

6. .10 .24 .00 .21

7. .00 .00 .11 .04

8. .00 .00 .00 .00

9. .03 .03 .07 .04

10. .03 .03 .04 .04

11. .00 .00 .00 .00

12. .00 .03 .00 .00

13. .00 .00 .00 .00

14. .00 .00 .00 .04

15. .00 .00 .00 .04

16. .07 .07 .03 .07

17. .04 .03 .04 .07

18. .24 .41 .21 .18

19. .08 .00 .00 .00

20. .12 .10 .18 .18

21. .04 .10 .14 .04

22. .29 .31 .39 .25

23. .42 .69 .82 .71

24. .38 .59 .57 .79

25. .54 .69 .64 .82

26. .08 .14 .07 .04

27. .13 .17 .04 .00

28. .83 .41 .82 .32

29. .08 .24 .11 .14
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fidelity issue since the lighted fuse holder, visible
on the actual equipnent, was not available oin the
simulator until very late in the testing schedule.
Thus, actual tested students saw the problem more
quickly and did not need to pose alternatives. flue to
instructor involvement, the intent of this item was
not realized. That is, regardless of a correct so1Lu-
tion, students were required to be asked about alter-
natives by instructors, but were not.

Two general comments might be made with respect to the fore-
going observations. First, a number of errors and differences in
error rates appear attributable to differences in the testing
equipment. Second, and more important, the pattern of errors sti-cgested
that students may treat the simulator as something less than a rea] test
station. This has important impl ications for teaching safety and test
station maintenance.

User Acccpjtan cc

Another element of this evaluation was to obtain ain indication
of the utility and adequacy of simiulation training from two prpc
t [yes; Students and instructors. The results of the sur-vey of each1

g-roup are dhiscussed below.

Analysis of Student InterView lData

A two-person1 test ing situat ion had origlinal lv been propo.sed to
assess t raining effects onl student at tit tides- and ab i I it ies inl tLic
absence of s uperv is ion. Spec if icall v the fo Ilowinli hv"po tilies is wals
proposed: poersonne 1 trained On the 688 3 s immlIat or and (IS8 teist stat ion
are equailly famil1iar and comfortable in operaiting the acultest
stat ion without supervision. Mill Ie this methioologyp was not imiple.-
men ~ted dUe' to low student ava i Iab i itY \'uid log is ti cal p rob lems, anl
attempt was made to address- thtis quehst iOn indirect lv via st udent
interview-,. it- xnt-rceot or -imnuator-tr;intod and (Y)prilto
:iCtlili -trained student s reported 'feeling, comfortable' operat ing thle

equ11ipmen1111t. lThis di f fereCe bet'weenCl group.1s was no0t s il gnif i(cant (1 )
I 39 5, p . ) . Ill -,0nera I, both group1Is 0f students felIt that they.\

uniderstoodI thle cq ipnr t' o t iioi (80 per-cnt V!1 . 88 pert'L01 )Ando
that theY were prepared to hand hi. trouble-shoot in)" tasks inl thle f ieldi
(58 percenlt vs. 00 pe rcen t) Add it] ona 11 v, here were no0 di ft'n1-1Ces
in student iltit iidt; *,)ncer'lnill!g their perclceived level of kconpe Lt tmce,
0oplioils- 31)oMit tLt1 0883 M ock, Or m11achi i ti-Spc i1fit preerece A

funct ion of t rin- g odh. IDesp itC e 'a ci abilit vOf t rA ii lug asoi ASWi atk'd
wi th AhEh and the siou lAor, students were just ;is I ikelv to say tha't
the simlatior orl aict ia~i Iequipmetnt training, wais rotit' ( (W percent .intl
32 percent , respct iye1') . Ili is ,Iat t ir poinit wals part icui.' r iv stt--
pr isin!u iii I i i it of thle i oma t i c di fft rlIt ill H1t lie iiiimbr a1nd voi1-i ttv

of lessons offered inl the two t ra i ii g oit'
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These observations suggest that student attitudes were not par-
ticularly relevant to the issue of simulator effectiveness. Because

the experimental manipulation was introduced early in the course and
for a short time (2-3 days), students simply did not have enough ex-
perience to evaluate the training methods used. This highlights the
critical role of instructor attitudes about the use of simulators in
training on their subsequent effectiveness. Since students had not
yet developed the necessary frame of reference, they were most likely
to rely upon the experiences and opinions of their instructors to
form attitudes toward the simulator training equipment.

Analysis of Instructor Survey Data

Twenty F-ll instructors at Lowry ATC were surveyed regarding

their teaching experience, field experience, attitudes about simulated
training in general, and opinions about the 6883 3-dimensional simula-
tor specifically. The results of the questionnaire are shown in
Table 10.

Only three of the instructors surveyed had taught 6883 theory
and only two had taught 6883 practical during 1979. The 3-dimensional
simulator was used exclusively in the 6883 block of instruction; there-
fore, very few of the F-ll instructors had any contact with the simu-
lated trainer as an instructional instrument. In fact, only six in-
structors had seen a demonstration of the simulator, and only one had
used it as a regular part of his/her teaching. The average length of
time as an instructor at Lowry ATC was 15.9 months, although the range
of time was from one to 48 months.

Only limited data were available to assess the impact of the
use of the simulator on training methods. The six instructors who

had some contact with the equipment commented as follows: two reported
becoming aware of weaknesses in the course materials and their own
teaching methods; three claimed to have changed their emphasis on
various aspects of the course material; and one respondent indicated

that he requested that changes be made in the Plan of Instruction (POI)
for other block(s) based on the lesson materials utilized on the
simulator. Additionally, instructors commented that the simulator was
too slow in response time, lacked well-designed software, and was
accompanied by poorly organized technical manuals. Instructors did,

however, expect that simulators would replace many AETs in the future.

Estimation of Field Preparedness

Two methods were used to assess the impact of training mode on
student acquisition of field-relevant skills. One analysis dealt with
the results of the Projected Job Proficiency Test (PJPT) which was
administered to all students at the conclusion of the 6883 instruc-

tional block. As discussed previously in this report, the PJPT was
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TABLE 10

Results of Lowry ATC F-Ill Itstrucror Qi.e~ionn.±ir,.

Questions a1, S, r

Simulator training is a good iden. 2.5

Simulator training can be more effective than actual equipment training,. 3.0

Simulator training can provide training equivalent with actual equip-

ment training. 2.7

Simul;,ted trainers must be highly similar to actual equipe.ent to be
effective. 2.0

Simulated trainers zan provide adequate training at a cost savings. 2.9

Simulated training allows for more complexity of training. 2.9

Simulated trainers are more reliable than actual equipment. 2.2

Simulated trainers teach safety procedures better than actual equipment. 2.8

Simulated trainers provide more variety of training than ctua
l

equipment. 2.9

Simulated training is something I would use as an integral part of -"v
teaching program. 2.5

Important aspects of simulated training equipment include:

The complexity of the equipment. 2.5

The capability of the software to meet S7S and Air Force objec-
tives. 1.9

A lower cost of hardware and operating expenses compared to

actual equipment. l.i

A high degree of similarity of the simulated equipment to the
actaal equipment. 1.6

A savings in the time required for training. 2.1

The degree of Air Force personnel control over the design of the
equipment. 1.9

The capability of Air Force personnel to modify existing or to

create new lessons for the simulator. 1.8

The mobility of the equipment. 3.2

The reliability of the equipment. 1.4

The ease of maintenance of the equipment. 1.5

The ability to monitor student performance. !.6

The ease of use for the instructional staff ir presenting train-

ing materials. 1.1

Responses of those who had some experience with 'he 3-D simulator:

The hardware is too simple for the simulator to be an etiective

training instrument. 1 3.3

The software is well designed for instructional purposes. 2.5

The lessons meet STS and course objectives. 2.3

Students appear to regard the similator as pert;rming as an
actual test station. 3.0

The simulator is a better training instrument than the .ctual

test station. 2.7

I have used/will use the 3-D A,,ulator as an .ntegral part .)! ii.'

teaching program. 2.,

*The scale used was a five-point scale where I * agree ;tronly and 5 dl agrvv
strongly.
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specifically developed for this purpose (rf. p. 38). Since subse-
quent instructional blocks included training components similar to
those in OJT, student performance in those blocks also indicated
field preparedness. Therefore, the second analysis examined the
results of AF-administered achievement tests for these later blocks.

Projected Job Proficiency as a Function of Training Mode

The PJPT was a paper-and-pencil test that included two sec-

tions: 32 short-answer completion items (Part I) and 38 four-alterna-
tive choice items (Part II). Each completion item was worth one point
toward the total score, although partial credit was awarded for some

answers. Table 11 summarizes the PJPT results as a function of 6883
training and includes the results of two one-way analyses of variance.
The small sample sizes reflect the fact that this test was developed
subsequent to project start-up.

TABLE 11

Field Criterion Performance Test Results as a Function
of 6883 Instructional Training

Training Mode

Actual Simulator F-Ratio

Short Answer N 45 34
(Part I) % 13.89 13.99 <1

01 5.46 5.57

Multiple Choice N 45 34
(Part II) 3< 23.91 22.97 <1

CT_ 3.65 4.68

The primary hypothesis to be tested with this measure was that
students trained on the 6883 simulator and the 6883 test sta;tion acquired
equivalent job-related experience. This hypothesis was not rejected
when PJ1PT scores were the depcndent measure. However, a number of con-
tributing factors may have r-.de this measure less sensitive than
desired.

in general, the test was long and difficult. This was parti-
cularly apparent from the P'art I (administered afte r Part I ) results,
where the low scores typically reflected a failure to finish the tet
within the three hours allotted. Part I1 scores were ;11So low, stW-
gesting that the test's difficulty may have had a discouraging effect
on student performance from the outset. Another problem was that
guidelines were not made e xplicit with respect to gumssin g on the Part
11 items. PresUniabl y, some stude, nts did select thei r best ;,1uess when
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unsure of an answer, yet the fact that others left some items blank
suggests that not all students were using that strategy.

Subsequent Classroom Performance as a Function of 6883 Training

Another facet of assessing possible training effects on job-
related abilities was the analysis of subsequent instructional
block scores. It was anticipated that practical blocks would be parti-
cularly sensitive to simulator versus actual training experiences in
the 6883 block and also most similar to the eventual field training
situation. Four of the nine subsequent training blocks were practical,

but no training differences could be found since N7 students receive
a grade of "satisfactory" in each. The failure of this data to detect
any differences seems attributable to two methodological constraints.
First, the method of practical block evaluation (satisfactory-unsatis-
factory) was not sufficiently sensitive, especially for such a homo-

geneous sample of students. Second, seven students were deviated out
of the final two practical blocks and all seven had been simulator-
trained on the 6883.

Since practical blocks offered no useful data, performance in
subsequent theory instruction blocks was examined as an alternate means
of assessment. Table 12 presents the mean block scores for the five

theoretical courses as a function of 6883 training mode. A series of
one-way analyses of variance showed no training differences in these
scores and these findings were reflect,,d by the low trainiin Sc ,r e
correlations reported. In brief, then, students seem to perform equallv
well on subsequent instructional blocks whether trained on the 6883 3-
dimensional simulator or the 6883 test station

Assessment of FielId Pe rfo rmance

To determine whether simulator- anid ttnat, -t inied t'clll iCils
were equally capable of operating F-Il Mi automatit' tcst stltio.s, in tle
field, subjective ratings of each technicifinls' s pert -orimnce were col-
lected from boti thie techn icians themsielves an(d t he i r spervisors.
The abilities of those students assi ned to 6883 and 6873 eiuipmmntt were
of particular interst. Since the impact of 6881 trainin.'. mode misit
be expected to Ch1;1115'.' Witl experience, two field 1fol low-np suIIVr1VS W'e
conducted, the first in September/Otctober 1979 and thti second ill
.anuary 1980.

S_tdent. _Fo1ow.-up Surveys

Table 13 presents mean tVecih,:ici;in rati i:s for etticb o! tilt' 12
survey questions as a ittic Lion of 088" A''(' t ra inii:: imiode aind t i l1 Spelt
in tile field. Eighty-five tchn icians were incl udhd in It least oe
follow-up and 56 were incltided in botI surtveys. AlthloilihI 1I .;tudents
participated in the DRIT cvluntion, -I number of thelm colld not be
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TABLE 12

Correlation Coefficients Relating Training to Subsequent
Instructional Block Performance

Training Mode
Instructional Block Actual Simulator r

Computer TS N 39 36
90.69 91.28 -.032

7.68 10.33

Attitude & Rate TS N 39 35
x 89.72 87.69 I .143

7.41 6.53

Displays TS N 20 20
x 90.40 91.05 -.045

8.56 5.58

Video TS N 59 55
x 90.03 89.85 .013

7.46 6.34

Radar-Transmitter N 57 54
Modulator TS x 92.46 90.37 .142

6.29 8.19

60

___TV



C) C-1 Cl C-1 0cc

(3 CI'L ' ) c',c

CC

P-

00 - ' I4

-C WI

r"- -.- '

00 I c '- c- c

Q) . S a- ,c S

c- -4 Q) Ml
m.4 "a or rr "a0 -- w -WZ C

4- .- 00 * * . -1
Q' cc4 ~ C~

5
< 

1
- r' '- Cll:C

cC I

I~~ 
* * -

, -4

:- >- ri V

Q) Ol C

0 ccn- = )-7

uE

..............



C14c

ccc

LjI cqcc
CU 0

('4 - 0 all C rl c
4-
) m~~a'~ c-C 0

a) 0 0o. 00 ON (ONa C14 cc (Ni N- 0 -1 N 0 -

cn cc

44-4 -N C1 n C1 N

a) ~~- --

. ~ O ci o

Lf)~~~- C- 0ci Cj -Ta

J4 1-4

en cc- co ca .- o _x cu m cc cc ~ (N (N - -

c ) a.

ccE 00 -4 (-4 mN _4 ( N " .z i ~ ~ ((
(u~~~~-' 004 0 :wmc

(v~a .J-J a 0
m- p- -- 00 cc0. c

0~ ::4 4 ) 4..) 0 C -4 0 C .4o W C ~ Cc ' 4.

C) L) CU U 4 (vC4C )4 UU

C: z 0 0 F- 0 a) 0o UO 0 'a 0r r_
0- * -4 "*, -4 >.1 J- 0

__)_ 4-4 CaJ V) r - o Z 0r

U , 4 , . 0 z U 0) Lo 4- ) U
4. j 0 t () 0 0 0 ) 00 41 >- Ai ()V)X

C: V cC r.. E~~- H -04'i >'u0 0 v) z u
=U c)) 4. .1 -) .6 S 0 m .61 M -4 F_-

u z) $.4 :0& uw tz W > %0 -4 .,.q W U -
w C - .1 H) CZ-H H 0 z -4 >, 00 0-m

-4 QC- CUC :1c MC cc 0 .0.

4- cu IVO cat U-. H. '.4 U)-

CU - )0 C-~4 "4H 0()0 4- C6-

00 O- HO a)CO ci) O) Q~4 .ArC



located for subsequ-ent I i id assessment Id.e to ait LI- i t ion, rcliss, i wvtnt,
or inaccuorate pe'rsonnie I re co(l-s .1So, Jteiusc ol the Si:-: tO et ii
week t ime lag between ATC graduat ion) anld commencemen-TLIt ;ic a t lin I I i cId

The dat a ill TlbIle 1 3 Wer~ Feli-ted on tili, comb i necd rt'5nuits-t('t I',
hot II foI lOW-up LISSO t hi]t a m xZIilL In o11 0 t - IA rt i n .s Wer I'oh t A i ned'L per 1
item. When distributed across the 16 trainin-x 1w e Xpcr IiLIC ence conit ion'us

however, cellI sample sizes varied from I to 2 1 IohscIVat ions.

of. th is (I is p.ar i Ly and ( th Iw fac Lt tha'It 5 6 t cLci 1 1) i we IIS ICc sn 1 rVe Vkd( t \<, i cc
the data are presented primar i lv 101r dsc-;i p1. iVc pnrpIOSeS . ka ln( -

we ri fat i r v ,ons, is tent w it I inl i tentlS and (Ipa red (I n raCl' %1 IV l nnrC I at L'd t II
traiingil mode or amiount of f ielId expel-iLICkce. A separateCon i dera-;t ion11
of responses provided bV 6883 and 687 1 tc'hnic 11ns Ia no C At i Ce
becaluse o f the sm1a I I numllbe r o f reCspondnts ss :nc t o tos tes L t -I
tioils (onlyt 14 ini t lhe C i rst and( 12I in th Ie s'COnd 1t0 1 1 OW-tip)

Ini add itL i on to thIe queistL i onl-s sittr i xed in 11 1b Ic) 1 3. thelk t cl'iI-
niicians were also aisked to provide coimments- onl tihe A I couirse st rilet tire

and the rel1evancy of AVG course, content to t!i i cut1-renlt f i cI

as it Iun ts . ie 01Fo111. IL- Ininkpn oswr xpresse.4d:

" TO0 fani Iliti t Y and t roih I c-shoot ins,. sk i I Is Wet-0C cited"
as., the most listf I I aspec-ts,- of Alt' t ta in it i.

" Theuorv Port ions of AVG t t-a i y, we l i-c eons i kie' redI t 0 bek
of I iMited Use inl enrrenlt I i C ILI ;" as Ilumen ts

* Most respondents fe I t t hat AVG pi-ok i ded~k :idctuI~tt c pl-l

aI rat ion CFor1 0. 1 V , aI I titoush a' VatI -iC t V of 1ti-x'1 t ion11S

were made to imp rove tiet I - i ::prxlii I bese'

inlclutded inlc i-ens i u', ilands.-01n IS opeIt -, io n I'11 rtu I Ic-

shcot i fit, Ipai\ Iu More aIIt tent i on o paerxwotk ind c(i -

b i [I-" tL or :iii p COr;11 )IAeL t i i-a! 1) -1 i 1s Iiis t i-tntI ion)
int i l formatI

Conciteriip th 6881 ,-i wuu!it Ot ' * reCOMMII'lit ion k wSI' I',

tM-Ide to0 in I-es tile i t v 1 de1c csn i

iii cease r ) k e' lboa.' Ix! reOsponse -pt'i-tI . 'It i ; k'1 t CCIII i C i 111s

fel thaLLliit t hie s; i itI lat 4 rt- 1 s it I( lk n t bc- tiscd aS PlI'rt I

t rain i i n-

Stlpc -v'i S o r FI-) I I ow- 1ip St I -vt vs

as V~ t 0 1r11 i Ited liV 0it I1- s8 8ip rvIs - Iou t V.i it, ill" ,'t~~ itt) X'iil

0 f f- itC'Id VNPer i 'It'('. A!, Wxi tl11t thit- t t'i liii i I- i ;in 1-ti1 tx 11 sc l l :it'o;I I"

t ltt's, daL a wet- re -tt Ott t 4,1 11m tntI rt,.ii I I -I t i ., I) I I tow-sips tttlh
saittipl hsi zes valriecd : rs~tt I\ hottst i w ccl i .I I kt\ i I I- ii Itl I -
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resulted since supervisors felt they were not qualiflied to rate ccrt aiii
aspects of technic ian performance or thtat somec items were nlot app icab Ic.

No noticeable differences in technic ian performance were found(
as a f unction of 6883 training miode. Not surprisinigly' , however, nimany
items did suggest an increase in technician abilities with increased
field experience.

Cost Analysis

Tfable 15 shows the major factors of the lite Ic vec cos t
comparison. Recurrint' and nonrecurrig costs have beenI comb med to
provide profiles of costs in constanit 1978 dol lars . 'ibe net present
value of each cost st ream projected for I 5-year l1ift, cycles ind d is-
counted at 10 percent is also shown, alonig With the e t imal;ted tia i

costs; per st uden t-iIour of instruction.)

'[ABLE 15

The Life Cve le Cost Compairis-oni

Cost Categ~ories Simu lator AFT

Fa iachiit i es 11I 0,650) S I 10,6'i()

Eqi (1 p Ilen1 t 1 59!4, 310 -4, 902,1I'40

hidustrial Materials 26,000 27,890

i'ersonne 1 89, 270 72 ;0A

Studentts 357,770 l)7, 770)

iSCe U latCOtis 0

TOTAL. $2, 18 1,000 s 5, .', 70, () 5()

NPV (1978) $1, 50)1 ,0(.t 1,805,IS

Cos5 t E f fect i ye ness-
Ss pi.er S t MIdet -11111 S I 48/s t udient -t li r S90 /S t tlet, -1101

Tlb Ic C 10 anil I '; shOW~~ t;abti 1 ;1 t i IS 0o the imid iVi dual cost es t i -
mates to~r e I nien ts tha-t compr)1-is eS c 0;IICat eg o I- V to 'L t Ie1 wit I ICNII AIn-

atory informat ion for the AFl' and s i u 1Maort* resPicL iVC I V . I'he t ;i s
are, strutred so that tLe 1979 Investmenl"t C1os;Ls co0 I1d be C eni icd0
ais stink costs: frmom titis licrspc t iye, tIL lecosts ill on (01tt int (1011,11-1e
o f operait ing t he AEt an id t he s i iuI iat or Ior I- v -year I i ftc ev k -s arI-t'

$3,366, 150 and S1, 588,020. the -1 f vce cost comlparis on, whiktli A.",s
ci earlY f avors the s inm at or, shows Hat s i mi at ionl is, an1 i nipo i* I an
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training option for maintenance training. The following examination of
some of the cost assumptions inherent in this comparison only supports
this finding.

Cost Assumptions

A major issue involved in planning this analysis was that the
simulator system cost was actually known to he hig-her than is repre-
sented by the contract cost of $548,000. Only now can thi.s: he put
in perspective. First, the question can be asked, "What is the impact
on the cost-effectiveness ratio if the actual cost Of the simulatOr is
perhaps double the contract price?" In a net present value (NPV) cal-
culation, the acquisition costs are rot discounted, thus tthe (,ff,(t of
doubling the contract price is not obscured by the discounting, process.
If the actual cost of the simulator were doubled, increasine, the NPV
of the simulator to $2,731,000, the ratio of cost per student-hour of
instruction would increase only 25 percent ($474/hour), in)st about one-
half of the ratio found for the AET.

Second, the analysis also produced some evidence that the actua I
cost of the simulator was approximately double the conttact price. 'lh'
Logistics Support Cost model developed by the Simijlator S1') (1979)
provided insight into the relationship between system cost and the
Sustaining Investment cost component, which involves test station spares
and spare components and inventory management. This model, used to
assess costs of the F-16 simulator, indicatcd that the initial system
acquisition and support costs were approximately equal to the 15-year
life cycle costs projected for "Sustaining Investment" ($4,919,000 and
$4,965,000 respectively 4 ). This relationship is important because it
reflects the lower cost of spares associated with simulators based on
actual cost experience with one-of-a-kind systems. Table 17 presents
an estimate for sustaining investment over the life cycle of the 6883
simulator. The $941,000 projected is consistent with an estimate of
$1,000,000 for the actual system and support costs of the
simulator.

In considering the policy implications of a 2 to I ratio in the
cost effectiveness of the 6883 simulator, it is important to underst and
that the estimate for the AEI' is extremely conservative. It was noted
earlier that the costs of the CENPAC computers were not allocated to
the 6883 test station and examination of Table 16 shows that no cost
element was included in the equipment category that reflects the cost
of installation and start-up of the AET. Tnstal lati o and start-up
costs for the siinlL ator were fullv allocated and it can he seenl ill
Table 17 that these costs were perhaps unexpec ted1v high due to prob-
lems encountered In bringing the simulator on-line durin.. 1978 ;and 197(.

'See Table 1, l.SC M.odel Est imc.te of theu Cos.t of-the i rdwir,-
Based Simu 1 ated F-16 Avion is Internediate Shop for a 'intenanc. Ira i
ing (Eggemeler ut al., 1979).
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The particular value of the cost comparison, then, 1lies inl the not ion
that with cost experience derived from actual t rainer al ternat ives,
there is an obvious preference for thle simulator.

AlIte r-native -Simill ati-o-n Scenario~s

A 2 to I cost effectiveness advantagc hans been detcriiined for
the 6883 simulator under the assuimption of equal training ef fective'tness
and identical patterns of trainer use. This determination hans part icii-
lar signi ficance if, in fact , the S inuil ator does provide student train-
ing to the same level as achieved on thle AFT. As, a rea';d diSCtiscd,
while no major performance di fferences were obserIved, it is no0t trueC
that thle content of training and use patterns were ident i ta for alII
groups studied. The fol lowing- discussion presents a part icla -r per-
spective on this issue, a perspective suggested by the Sti rong cost
advantages of thle 6883 simulator.

The concerni about t ra inin-i effect iveness of the s imnIat or ca)n
be seen in Figure 6. The diagram indIca;te's that. the siiomtor effec-
tively trains p rocedu res and t roub 1 C-sh;ooting" thrloughl tl(. he ant oma t i(
test ing features of the device to a level. conlsist cot Wi th thet SI' S f-or
3-level personnel. The broken 1line associLated with thet AFT] ikl i cates
that the AET trains to thle 3-level less well becauIse Of thet Unp red ict -

able nature of equipment performance during ea, L;ch t ralining 1 session (tile
uniformity of training issue). T'he simlat~ior can train con15istenItIlV
to the 3-level . The Al"T canl do someIthling thatL canno1t be' donle on thle
simulator, hioweve r, and that is to p royvide hands-on t o h I -sli oo t inc.
experience when the fa ulIt cannot be co reCC ted through ant oma t ic test int
procedures. It should be clear from the diagram) that if tile tchlnical
school is to provide experience inl the mlanna] t rokible-sloot ill" domlainl
(regardless of how we]ll such requi rements are-( ret lected inl thet STS),
then AE.Ts are essen til to the t rain in- Th is conclIus ion i gno res tie
potent ial for another type of simulator whi ih is deLs i gried to provide
manul trouble-shooting training, Wit h this hierarchy of trainil,
object ives in) mind, we invoke the cost Model an aalssI or iii dancelot

inl examining alternlatives for simu]lat ion as- demonst rated byv tlte 088l
li-merisiona1 simulator.

T[ltc geercts sttTnh mlto.'bis first scenalrio
exami ned conis i dev rs t lit, pot ellt i a 1 fo I It i 1' o a, ,eneriCc tet 1 t io

s i mu In ttom as aI means I or prov'it]ing st riic t ird t railio i1n' Ilt roiib Ic-
slioot~ing proceduires. iIL ISSUmiption is made that t hest, procedures-
Vimlf I ov 1 oil I V ;i)I t It ola te(st i og Io 0 1 ;liIt isolzit it'l. ik' p1 ie-iiflpt ioll

alIso madet t Ilia t t. ra Iin ug on, , t ie, ,genei-c s- i til I a t or %,'(n I I ( I i il i Ina t k, t it('
need1( for AEl' trainling onl some of thle ten t ra i ners inow usedck il lit colis

tL wil 1,I be seen that. thiS scenar1io, as wel I ias tie ot hers, tHit 01 lotw,
is hampered by ouir Lack oit nl ormalt ionl aiboiit thlt I iIt e cIicst0
the vnt ir metrain tog sysOtm, buit corta in conlclulsions.- c-iii hc dro,'u h'ul~
oil tilt co'st "Iaa1 s is (it the 088 I -liuen o Si mu lit or and \lF
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'Table 18 reviews the operating status of the ten test stations
as of August 31, 1979. The table su,gests (1) that manual trouble-
shooting experience c(znnot. be a feature of all pr;i't i cal exercisc ses-
Sis LIte to Vriations in tLust station ;ivailailitv, aid (2) that 3-
dimensional simulators pnatterne(d Hfter Lit 6883 could be use, li tLO
deliver t raining related to procedure MILd a|tltoillmtic I-ul t isolatio ,
given the var iab iIi ty of test stat ion stat us . Iroim th i s ssessmntn t, it
could he a ,gucd that teLt s Ut ations w i th the best records o i opernt i otal
stat us arc in a real sense now no b.in , used ;sllge l ui itest stationls--to

the extent that experience with pro(eUdurL'es Ind kill 1t isolation nuist be
transferable to other (nononcrat in2) test stations.

The pattern of use for the generic simulator proposed in this
scenario is one in which training is tailored in response to current
AET status. By designing a library of lessons to reflect different
classes of faults and related procedures (reflecting inldividioal test
station characteristics), the lessons selected for particular student
trials could serve to help link the experience gained on the simulator
with that normally obtained on the nonfunctional AET.

The question of the cost effectiveness of the generic simulation
in this scenario can be examined in a straightforward way. CIlea rl ,
the scenario does not promise cost savings because the simulator repre-
sents additional cost. In fact, increased training costs will be
incurred because the pattern of simulator use proposed does not dis t urb
the life cycle cost picture for the AETs. In a life cycle cost analy-
sis of the AET training system, however, if tihe costs associated With
student and instructor time are aggregated for all procedural and fault
isolation training time lost due to AET status, then it is conceivable
that the benefits of the generic simulator will exceed costs. If , for
example, as few as 120 hours per student are lost out of approximitelv
930 hours required for the course (13 percent), then a simulator would
be justified on the basis of its cost/benefit ratio over the 15-vear
life cycle since increased training effectiveness would offset the
higher training costs.

Combi ned- tes t st at ion/simulator cmn)lenents. ]his second
scenario examines the situation in which a full complement of silmuli
tors, one for each of the AETs, is postulated. Tihe pattern oi use
considered is one in which the simulator is used to train proedulres
and automatic faul t iso tat ion and the AET is used to provide for eql i p-
ment fami liarity and 'manua] I" t roul I e-shoot i ng expe r i ence. The sce-
nario cannot be evaluated without more informat ion oil current trailinin,,

system life cycle and some estimate of how the 6883 AE'I acttual 1ly com-
pares with other test stations in order to guge simuilation costs.
It is difficult to s'ee the circumstances, however, in which the COmbi-
nation of reduced training time and redu( ed AFT maintenance( osts,
along with increased mannal trouble-shoot il , ski I ts, would produce ai
cost/benefit ratio less than one. The or 1 v other ma or soui rce oI lCost
saving that has the potentiali ot off;et t Ing the simulator invest ment
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TABLE 18

ATC F-ill LRUs and Operating Status as of 8/31/79

Test
Station Operating
Number Description Status

6802 Radar-Transmitter-Modulator (RTM): Parts and maintenance
Models A & E; total LRUs possible is problems; limited use
4; LRUs available at ATC are MRT,
Transmitter Synchronizer

6803 Computer; total LRUs possible is 6, None at all; has been
LRUs available at ATC are Naviga- down 2 months

tions Computer, Feel & Trim

6805 Attitude and Rate Limited use

6815 Video: Models A & E; total LRUs pos- Limited use
sible is 6; LRUs available at ATC are
Antenna Receiver, Interference Blanker

6863 Digital; total LRUs possible is 5-6; Limited use; was com-
LRUs available at ATC are Computer, pletely down for 2
IRU years, being worked on

6882 Radar-''ransmitter-Modulator (RTM): None at all
Model I)

6883 Converter Flight Controls; total LRUs Best running TS;
possible is 4; LRUs available at ATC closest to realizing
are Feel & Trim (869), Feel & Trim full training potential
(855), Multiplex Converter, only Yaw
Computer unavailable

6885 Video: Model 1) Limited use

6886 Electronic Systems; total LRUs possi- Usually operating, but
ble is over 80, can be used (with adap- down for I week
tation) for more than 100 LRUs in the recent lv
field; LRUs available at ATC are HSI,
ECA and Antenna Receiver being repaired

6887 Displays; total LRUs possible is 3-4; Working well
LRUs available at ATC are 2 (didn't get
names)

CFNPAC Composed of 3 separate computers One hit by liglitning
in 1978 is still down,
other two are working,
but with intermittent
problems
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is to ret urn some of the AEl's (and LRUs ) to i uveil toryv to so rvc assare
for the flight line. Based] onl thle Cost of feet ivveness rat io found for
the 6883 simulator, it Would be necessary to reti i rn pertiaps Ii ye AE-s
to F-11 Iweapon sys tern invent ory: t ra iiii n for those hilocks of inistruc-
t i II a ffec ted woul d theni be accomplished (in 3-d mics i on: 1 s iwi iat ors.
Without attempting to generali 1ze fuIr the r, this opt ioni may 1w' wo r -th 0ivo
consideration by ATC given teeitigATopcra tioiiaI status.

Replace AETs with si mulat ors . lh lis- f i~ SCaA I oaroIS pott on-

tially the miost revolut ionarv on1V 1eai;'iL sugst fowpttern-Is ill
simulator use and simulIat or develIopmon t . I t P rop)osos tihat a1 1 01 Lit'
AEl's are ret urned to invent orv' anid thIat nok aittempt ho maodt to I rainl
manual trouble-shooting skil1ls onl actUal t'cIllipmILlt Wi tti in1 C lt rcsiLtIitck'L
phase of F-Il I minitenance trainling. Manulal trouble)I-shoot inl' pr ii. -

[A es ConuId, of course, be t aughit uS inI ad \'an(ccd s illmIat o s. 1'Iii crcaix
many difficulties inherent inl this scena-rio, pri n ip)alIV hLCcanscW ilrpl 0L-

mentat ion would require changecs both inl Lite resident i, at and,11' onVi ronl-
ment , as wellI as- chaniges inl triniing potlicy. For CMx11unpO Lo r thero i dci IC CL

training environmlentL Would (Ieed to 1w' m1od ifled to op1t ilmi ze it' t ic-
t iveniess of s3imula ztors in t rai nii il procedulres ni t roib!) c-shoot i 1) t,
wlii I e the ,Il' euvi roiient won I( netied to be L or-,aize Xd to0 i iirc thi;it the

rails Icr o(if ti-a iniiig occuirs to Lit'e :1 t nat cqu ipmei t.

the SCenar1io Po0stulates thA thW course lIiati in ('out d be
red uced--possil y to 16 we'eks i is-t cad of 2) I weeks-- in V view o t OLt
inlcreaLsed tra inling potenlt 1.1 Ist iae \L'Li ii ti e LIL'S 1i ula;tors-1. I hek sek-
iario reC(Ogil ixC'S that students' manna I t roub It-shoot ing,, ski I Isarc lot

wel 1I developed in Lit-e t ra iin" ug 1nyi ilmelLil t anld thalt s imlU at iol) t eel-
no10" I (g 'Oil](1 et to a rode f 1in it i oii o thlit tlrainling process

ENN I naIt in of1 this stellar jiO is- no(t psi IW I-'r I)CCauSt' 0I Li'

b~road impt itait ionis for 0.11, lo:ISt itS 's 111111;111nd, antII Alt. I t has. het'n
ne CI tided litrex on Iv tO show thlt'rae ofI opiti s thait 'I gt t coils Ic-

erett iii anl aIt~ t o11) t ' tlet ;b I i sli cos t c tk.oc.t i ye t 1%I in1 ig p1 rog'ra'ist1 Ii

lma Ii 1111 c thlie po tnt Ia I o I Isl true t i 011:1 I Ilk no " .g
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CHAPTER 6

GENERAL DISCUSSION

The findings of this study suggest a number of critical factors
which should be considered in future efforts to investigate the role

of simulators in maintenance training.

Identification of Training Objectives

Any comparative analysis of simulators and AET must be based on
a clear understanding of training objectives. The present study was
conducted at a time when classroom objectives were rapidly changing to
meet the changing requirements of the field assignment. Given the
lead time necessary to develop the specifications of a simulator and to
construct the trainer, it should be expected that the capabilities of
the simulator were somewhat limited with respect to current training
needs. Since it is unlikely and perhaps undesirable that the objec-
tives of a training course can be stabilized for long periods of time,
the useful lifespan of major simulators may be significantly increased
by emphasizing training related to the general skills required to
operate and maintain all test stations. The specialized functions of
each test station could be simulated with less costly module simulators,
which are either disposable or reprogrammable to meet changing needs.
Such an approach is not unlike the "Test Station Replaceable Unit" (TRU)
design of equipment already in use. While the main purpose of the TRUs
is to improve the capability of repairing test stations quickly, there-

by reducing "downtime," the component system also makes it easier to
update (within limits) test stations to provide testing capability for
new or modified aircraft systems. There is no reason to expect that a
simulator designed to replace a test station will not be subject to the
same limitations on utility due to improvement in aircraft design.

In view of changing course objectives and needs in the field,
it seems that an explicit statement of minimal trouble-shooting stan-
dards should be made. These standards could then form the basis of a
variety of training strategies and trainers.

Define the Anticipated Role of Simulation

From the outset of any investigation, the intent of introducing

simulators into training should be clearly stated. That is, it should
be determined if the simulator designed is expected to r , , ' , or
suppZemcnt actual training equipment. Both are valid approaches to the
use of simulation, of course, but require somewhat different equipment
and research designs.
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If the primary objective of incorporating a simulator into
training is to replace more costly, less reliable, and more dangerous
actual equipment, then it is clear that both psychological and physical
fidelity must be considered. In this case, it is more likely that the
simulator will include the capability of demonstrating basic operations
procedures while duplicating, to a large extent, the physical appearance
of the actual equipment. Physical fidelity is important since trainees

will be assigned to actual equipment in the field. A lack of sufficient
physical fidelity in the simulator and no exposure to actual equipment
in training would almost certainly result in reduced initial perform-
ance on actual equipment in the field. However, research may determine

which tasks require full fidelity trainers.

If, on the other hand, the objective of incorporating a simula-
tor into training is to supplement the use of actual test station
equipment, then psychological fidelity should be emphasized. In either
case, psychological fidelity of sensitivity to operator actions must
be established. Interviews with students who had contact with th1, 6883
simulator, conducted directly after the 6883/6886 practical block, and
responses from technicians on the field follow-up questionniares, indi-
cated disappointment with the simulator on this aspect of design. That
is, while the two trainers looked similar, the simulator reacted dif-
ferently (slower) to operator input. This flaw was also referred to
by Becar (1978) in his evaluation of the 6883 Maintenance Trainer System.
Supplemental simulators can more easily focus on more complex tasks,

including training on equipment malfunctions which cannot be introduced
or experienced on actual test station equipment. The next phase of
this project, the evaluation of the flat panel simulator is expected to
provide data on this issue, since the simulator includes a trouble-
shooting trainer.

The use of simulators for training maintenance skills offers an
opportunity to provide consistent training since they are less subject
to random malfunctions. Further, simulators designed to augment ALT
can be more easily used to train personnel in the operation and main-
tenance of test stations in general. More general skills (e.g., s\vs-
tems and problem solving) not unique to any specific test station can
be provided as an introduction to training on specific test stations.
In the present study, it was found that students trained on the 6883
3-dimensional simulator performed as well as students trained on actual
equipment; the true training benefits of the simulator were probably
not realized, however, because the simulator was designed to replace
the AET. Improved student performance was expected because the simu-
lator would provide more consistent training experiences. Given the
underlying assumption that the 6883 simulator might replace AET, the
outcome of the cost comparison between trainers becomes the major
factor in future procurement decisions, given approximately equivalent
training capability. Given a "supplemental" objective, improved per-
formance becomes the major factor considered and an analysis of cost-
benefit is most appropriate.
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Approach to Teaching

It is unlikely that a simulator of any quality will be accepted
into existing training curriculum if it is not somewhat consistent with
existing student-teacher interaction policies. It seems that only a
self-instruction mode in which the simulator guides the student through
a series of problems might result in alteration of these policies. To
encourage teacher acceptance, the simulator should be effective as both
a visual aid and demonstration tool. This would allow the simulator to
be effectively incorporated into training segments (e.g., theory famil-
iarization) which do not include extensive practical trouble-shooting
experience. Such a dual purpose simulator would be almost essential if
replacement of existing equipment is planned. Also, the thorough intro-
duction of the training simulator to the training staff, highlighting
uses, real and potential, of the equipment in the overall training
program, will improve instructor acceptance.

The environmental constraints on this study suggest that many
instructional practices have evolved which are deemed necessary to
maximize the effectiveness of actual equipment as trainers. Given this
situation, it is not surprising that performance differences as a func-
tion of training equipment were not observed. The potential impact of
simulator training on student performance may be realized only if a
utilization strategy accompanies the placement of a simulator into an
existing training environment. This plan for using the simulator would
insure that its unique training capabilities were tapped, and benefits
in terms of improved performance, consistent training, reduced training
time, and cost savings might then be measurable.

Generalization of Findings

As evidenced by the fact that an entire chapter of this report
was devoted to the impact of the environment on the evaluation effort,
the generalizability of findings can only, by necessity, be limited.
While every effort was made to adapt experimental design principles for
use in this natural experiment, it was not possible to rely on many of
the premises of basic learning theory. Until parameters such as
content, method, and duration of training, all known to affect learning,
are subject to more careful control, a true cost-effectiveness analysis
of simulation training is not possible. The point at which simulators
provide the best training for a specified cost or the least cost for
specific training can be determined only if control over relevant
learning factors is possible. To answer the question, "Do simulators
provide more cost-effective training than AET?" wc riust hc abhl to
maximize the use of simulator capabilities beyond those available on
actual test stations. Simply stated, AETs are not designed for train-
ing purposes; simulators can be designed solely for that purpose.
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Experimentation in the natural training environment is neces-

sarily 1imited by the fact that simulators must provide training at
least equivalent to that provided by existing AETs. The adequacy of
training on AETs in relation to the STS is assumed here; however, the
issue could also be investigated empirically. Obviously, it is not
feasible to risk the possibility of providing inferior training in the
interest of research, which is focused on defining the conditions of
maximum cost-effective simulator training. There arc t%.., viable solu-
tions to avoiding the limitations imposed by the natural environment.
First, the student could be deviated from normal training to partici-

pate in a well controlled research study and then subsequently re-enter
the training sequence at the point of departure. The additional cost
of deviating students (i.e., cost of additional day in AIC) would be
part of the research costs. The disruption of student flow from the
field's perspective would occur only at the start of such a project
and should not cause any significant shortages of field personnel
since student flow is normally somewhat erratic. The second alterna-
tive is to carefully structure a significant block of training time to
allow the research project to be integrated into the existi ju training
sequence. Students would complete training in the same time frame
as usual (or sooner), and any adverse impacts of the research on
performance could be corrected by O,1T. The additional training
required (if any) would become itself a measure of trainin.
effectiveness. While other alternatives may be possible, the main
point is that true potential of simulation in training can be deter-
mined only by a focused research effort. ClearlV, some additional costs
will be incurred bv such a research effort--a small price, however,
given the potential utility of the information in defining the future
role of simulation in maintenance training. Such research would insure
that future investments in simulators won ld he based on factuLiII infor-
mation rather than assumptions. The information obtained should hi gh-
light the conditions under which the use of simulators in maintenance
training is most effective. The ovcrall cost savings to the Air Force
would be extensive regardless of the findings. >lInv utLice r' esc c"C'h

dollars could be more wisely inve,;ted if simulation in trainine was not
demonstrated to be cost-effective even under ideal conditions, or many
training dollars might be saved by appropriate utilization of simulla-
tion in training as defined by experimentally determined gIidelines.
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Section A-I

TROUBLE-SHOOTING TEST AND

DATA RECORDING SHEET

Student Name 
Training Mode

Observer 
Testing Mode

ERROR NOTED (indicat-

Note Time s Cmp Ieted Yes No step 0 and your comment)

1. Remove all jewelry.

2. Enter and request test #830401. 
-

3. Verify test number, press START. -

4. Verify test date, press START.

5. Does LRU pass test #300150.

6. Testing halts at #300610; enter

#300650, TEST REQUEST, START.

7. Testing halts at #300755; when "go'

press START, observe increasing +

voltage, press START.

8. Testing halts at #300764; when "go"

press START, observe increasing -

voltage, press START.-

9. Testing halts at #300824, enter

#300830, TEST REQUEST. START.

10. Testing halts at #301752; rotate OSCP,

INPUT SIGNAL SEL switch to "digital

multr.-

11. Press NEG DC COUPLING switch.

12. Press POS DC COUPLING switch.

13. Set VERNIER to "fully cw." . .

Page 1 of 3
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Note Time Steps Completed Yes No Error Nouted

14. Set V/DIV at .5.

15. Set SWEEP MODE on "auto'.

te. Simu1. unly: Recset svstem to

110w rerun of test tape. on studen4
onsole press FAULT DETECT.'RETURN.J

16. Ad , ust to obtain display. observe'
sine wave (should not. be there).

17. Determine that the Yaw Board TB3
is defective.

18. Rerun test tape from 0301740,

19. Advise board replacement.

Lote: Simul. only: Indicate TB1
s replaced. on student console,~
ress START. I

20. Rerun test tape from '0301740.

21. Student should offer alternative
explanations of malunction.
(Instructor should only state that
"Yaw Board TB3 was apparently not
the cause.")

22. After 5 minutes: Instructor suggests
that "test station caused the ral-
function."

23. After another 5 minutes: Instructor
suggests that "the test programi should
be decoded."

24. Student decodes program in total.

25. Student decodes program in part. -

26. Student identifies missing power

input.

27. Student notes that power light is off. __

Page 2 of 3
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Note Time Steps Completed Yes No Error Noted

28. Student suggests alternative expla-
nations for lack of power.

29. Students suggests that a fuse has
blown.

30. Degree of instructor assistance
required:

very little

moderate

a lot

Page 3 of 3
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Section A-2

INTERVIEW QUESTIONS FOR AIR FORCE

AVIONICS TECHNICIAN STUDENTS

1. Did you feel that you had sufficient training time on th, iqnipn
t

i thn
6883 block?

2. Did you feel your time on the training equipment in the hS,3 w k ,

well utilized?

3. What segments of your time on the equipoent would you incr,.a--: ) -1,c

4. Did you receive sufficient individual attention on thL eouiVt dur::
your training?

5. Was there variety in the training on the 6883 equipocnt ,r wa< it
routine?

6. Do you feel comfortable operating the equipment?

7. Do you feel you understand how to operate the equipr,,,n ! ,Iv t , v
problems?

8. Was the equipment more sophisticated than you expetcd' 1,, -

9. Was the equipment more sophisticated than you think w.i :,,.ir. t. " ,
your training?

10. Were there equipment malfunctions durini, your traininz h :i:, .
training? Benefited your training'

11. Did you receive trouble-shooting experience on the S- tn:::i'

12. Would you like to have more trouble-shooting exporinc in,,

13. Do you feel adequately prepared in your troutle-shoot in,, ex:,,n-r 1,1

your field assignment?

14. Has your training given you sufficient experience i:i ii. [ t t
to solve test station and LRU problems in the field!

15. What would you change in the TOs to make them more ut.icl '

16. Did you find the Tos adequate for solvinv test .tation v:,d .!,L'
operating the equipment'

17. Was your training instructor helpful in explaining' th, ',, : .

18. Did the instr-otor provide suffticent ciii 'whilt , e 11 1.' ' ,1
the 6883 equipment? rot little? voo r iih,

19. Was the instructor's gidance necessarv to sticco;lul ' I : ,

training on ,he 6883 equipment?

20. Did the instructor's attitude toward the training, qifioeit, hav 1%, -
on your training on the equipment.'
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21. Did the testing procedure test your capabilities on the 61l3 training

equipment?

22. Were the testing procedures difficult? Why?

23. What would you include in a test of your capabilities on t!e 6883 trainin-
equipment? Leave out?

24. What capabilities should a 3-level avionics technician have with respect to
operating test station equipment in the field?

25. Do you feel you have those 3-level capabilities as a result of your traininlg

26. What factors would you add to your training, or increase the amount of atten-

tion to, to better prepare you for your field assignment.

27. Do you understand the overall purpose of the training program? What is that
purpose to your knowledge?

28. Did your training on the 6883 equipment help your overall understanding Cf

the purpose of the training program"

29. Do you have any additional comments, questions, or suggestions?

88I
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Section A-3

6883 3-DIMENSIONAL SIMULATOR EVALUATION PROJECT
INSTRUCTOR QUESTIONNAIRE

About how long in months have you been an instructor at Lowry AFB?

Approximately how many times in the past year have you taught each of the

following blocks?
6883 Theory 6886 Theory

6883 Practical 6886 Practical

Other blocks

If you have had field experience with Test Stations, please indicate the

length of such experience and whether your experience involved TS operation,

TS maintenance, or both

In the next section, we would like you to rate how much you would a2ree with

each of the following statements on a five(5)-point scale, where 1-agree

strongly and 5-disagree strongly.

From your general knowledge of and experience with simulated training, do you

feel that simulated training: agree disagree
strongly strongly

a) is a good idea 1 2 3 4 5

b) can be more effective than actual equipment 1 2 3 4 5

c) can provide equivalent training with

actual equipment 1 2 3 4 5

d) must be highly similar to actual equipment

to be useful 1 2 3 4 5

e) can provide adequate training at a cost

savings 1 2 3 4 5

f) allows for more complexity of training 1 2 3 4 5

g) is more reliable than actual equipment 1 2 3 4 5

h) teaches safety training better than

actual equipment 1 2 3 4 5

i) provides more variety of training than

actual equipment 1 2 3 4 5

J) is something you would use as an integral

part of your teaching program 1 2 3 4 5
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Please rate how important you feel each of the following factors is

in evaluating a simulated training device: very unim-
important portant

a) complexity of the equipment 1 2 3 4 5

b) capability of the software to meet STS 1 2 3 4 5

and Air Force objectives

c) a lower cost of hardware and operating

expenditures compared to actual equipment 1 2 3 4 5

d) a high degree of similarity of the simul-
ated equipment to the actual equipment 1 2 3 4 5

e) a savings in the amount of time required

for training 1 2 3 4 5
f) the degree of control of AF personnel over

the design Rf the equipment 1 2 3 4 5

g) the capability of AF personnel to modify
existing or create new lessons for the

simulated trainer 1 2 3 4 5

h) mobility of the equipment, for versatility

of use in the classroom 1 2 3 4 5

i) reliability of performance of the equipment 1 2 3 4 5

J) ease of maintenance of the equipment 1 2 3 4 5

k) ability to more closely monitor student

performance on the equipment 1 2 3 4 5

1) variety of material covered in lessons
compared to actual equipment 1 2 3 4 5

m) ease of use for training staff in present-
ing training materials 1 2 3 4 5

Please indicate the amount of experience you have had with the 6883 3-dimensional
Training Simulator by checking the appropriate statements below:

a) have heard about it, but never actually used it

b)___ have seen a demonstration of it

c)___._have had limited use of it, as a reference for teaching

d)___ have used it as a regular part of my teaching

e)_ have been involved with writing lessons for use on it

f)_ have been involved with the design and development of the unit

&)____ no contact or experience with the unit (if yes, please skip the next section)
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From your experience with the 6883 3-D Training Simulator, to what extent

would you agree with the following statements: agree disagree

strongly strongly
a) the hardware is too simple for it to be

an effective training instrument 1 2 3 4 5

b) the software (lessons) is well-designed
instruction purposes 1 2 3 4 5

c) the lessons neet STS and course objectives 1 2 3 4 5

d) students appear to regard the simulator as
an actual Test Station 1 2 3 4 5

e) the simulator is a better training
instrument than the test station 1 2 3 4 5

f) I have used/will use the 3-D im-

ulated trainer as an integral part of my
teaching program 1 2 3 4 5

What involvement have you had with the Denver Research Institute's evaluatiCn

of the 3-dimensional simulator? Please check any applicable statemvots.

a) proctored the three-hour written test

b) proctored the practical performance test

c) assisted with the design of the two tests

d) was interviewed regarding my teaching methods and course -aterial

e) had no involvement with the D.1 ovaluation program or devel.ment of
materials (If no iolveoe.t, s:id neo: section)

To what extent would you say your involvement with the DRI evaluation has

influenced your approach to teaching? Chec: any approptiatc state.ents.

a) I have become aware of weaknesses in my methods of presenting
block material

b) I have become aware of weaknesses in the course 7aterial

C) I have put more emphasis on certain areas ot the course m.terial

d) I have made changes in the Plan of Instruction (Poi) for the block(s)
I teach

e) I have requested changes in the course material for the block(s) I
teach

f) I have not been influenced in ry methods of teaching by the D!l
evaluation

g) I have not seen any reason to alter course materials due to the
DRI evaluation
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Do you have any additional comments to make regarding the 6883 3-D

Training Simulator, its design and use, or the DRI evaluation programi?
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Section A-4.

DO NOT WRITE IN THIS BOO)(LET

FIELD PERSONNEL TEST QUESTIONS

for

THREE-LEVEL AVIONICS TECHNICIANS

Comipiled by

The Denver Research Institute
for

AF Contract No. F33615-78-C-0018
Project No. 2361
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DO NOT WRITE IN THIS BCOKLET

FIELD TEST OUESTIONS

PART I

1) Which TO would be used to operate the Converter-Flight Control
Systems Test Station?

2) Which TO is used to perform Confidence Testing?

3) Which TO contains Maintenance Test Instructions?

4) Which TO would be used when ordering parts for the Signal Converter
Unit Controller A2AI?

5) Which TO would be used when ordering parts for the Signal Data
Converter A2A8?

6) List the TO, Section, and Paragraph of the procedure used to
calibrate the Variable Power Control AIA5.

7) List the six TOs that would be used to operate, verify, calibrate,
trouble-shoot, repair, and order parts for the Al Converter in the
Signal Data Converter A2A8.

Answer the following questions and write the TO reference where the
answers may be found.

8) What happens when Address E613 is programmed?

9) What is produced when the DATAC Mode Switch is rotated through STOP?

10) When connecting power to the test station, what is connected to the
red lead?

11) Test Point 11 on the DIU, A2A5 is used to monitor

12) What is the part number of an NGS6?

13) At what temperature should the overtemp lamp in rack I flash?

14) What is the purpose of Signal Select Switch, A3A2A31S2 when in
AUTO TEST POINT?
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15) DATAC displays DM4 BAL. This indicates?

16) When using the Oscilloscope to check a signal of 35K~z. which

position of the Main Trigger Coupling Switch should be used?

17) List the sequence and control settings to light the Manual Mode

lamp on the Power Supply Controller, AlA2.

18) What Address/subaddress is used to reset the Power Supply Con-
troller. AXA2?

19) What Address/subaddress is used to reset the power stimulus

relays?

20) List the sequence and control settings and all the indicated

results when the DATAC Logic Verify is performed.

21) List three conditions that will light the Switch Fail indication
on the DATAC Prog Stop indicator.

Decode Test Number 202574 of Test Tape Request Number 839902 and

answer the following questions.

22) Describe the function of each part of a program.

23) What is the part number of the Self-Test Adapter?

24) What is the value of the measured stimulus?

25) List the relays by reference designation.

(a) Test Point Selection

(b) Test Point Distribution

(c) Stimulus

26) Identify the Patch Panel pin numbers used to route the signal

through the Self-Test Adapter.
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27) For Test Number 202574, DATAC Measurement and Result displays
F00003 and NO-GO Low;

(a) Why is Test Number 211307 displayed?

(b) What is the most probable fault?

(c) What is the second most probable fault?

(d) What is the third most probable fault?

Decode Test Number 203310 of Test Tape Request Number 839902 and
answer the following questions.

28) Describe the function of each part of the program.

29) What is the part number of the Self-Test Adapter?

30) List the following relays by reference designation:

(a) Test Point Selection

(b) Test Point Distribution

(c) Miscellaneous Relay/s

31) What is the number of events (pulses) during the time period?

32) What is the frequency (PRF) of the measured signal?

PART II.

33) How does the converter store information into the computers?

A. Digital-Parallel C. Parallel-Digital
B. Serial D. Digital-Analog

34) The converter processes what type of data from the computers to
provide analog outputs?

A. Analog-Digital C. Serial Digital Data

B. Discrete Data D. Parallel Digital Data

35) What type of inputs/outputs tunction as status and control signals?

A. Synchro C. Discrete
B. DC D. Serial
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36) The data processed by the converter is in the form of synchro, AC,
DC and resolver signals. They are of what type?

A. Analog Data C. Digital Data
B. Serial Data D. Discrete Data

37) What is the advantage of parallel digital over serial digital data?

A. More components C. Time
B. More wire D. Amount of data

38) The amount of times we do a given signal is known as the:

A. Command Pulse C. Data Reauest
B. Rate Group D. Acknowledge

39) Which area of the converter controls the WDC?

A. Area I C. Area III
B. Area I and III D. Area II

40) What starts the rate group?

A. Command Pulse C. Acknowledge
B. Data Request D. Parity

41) The arithmatic section of a computer is:

A. Central Processing Unit C. Input/Output
B. Core D. None of the above

42) The purpose of the 05 tape is to check:

A. Inputs C. Outputs
B. Bite D. Converter Set Overloads

43) How many outer limit checks are you allowed to fail on any test?

A. Two C. One
B. Three D. None

44) A1A2 (Power Supply Controller) controls the power out of which
drawer?

A. Variable Power Control (A1A5) C. Micrologic Power Supply (AlA9)
B. Power Supply (A2A9) D. Power Supply (A3PSl)

45) The logic Power Supply (AlAS) will cause which display on DATAC when
the t12VDC PWR SUP and the ±28VDC PWR SUP is trippid off?

A. No go low C. No go high and Cenpac control
B. Combination of TRU inhibit and D. Switch Fail

Switch Fail
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46) Switching Control Unit (A3A6) controls the setting of routing relays
Inside the following drawers:

A. FCS Adapter (A4Al) C. Ratio Transformer (A4A6)
B. Transformer Converter (A4A2) D. All the above

47) If an adapter's schematic cannot be found in the station T.O.. then
It can. be'found in which T.O.?

A. T.O. 35-1-181 F-111 Miscella- C. T.O. 33D7-38-1-112 F-11P
neous Aerospace Ground Equip- Shop System
ment, WRALC Multiple Part D. A or B
Numbers

B. T.O. 35-1-181-2 F-111 Miscella-
neous Aerospace Ground Equipment
SMALC Multiple Part Numbers

48) The VD4 in Stimulus Relay Can controls the:

A. Setting of a relay supplying C. Information Input lines
+28 vdc to the can D. Steering Input lines

B. Setting of relay supplying
±12 vdc to the can

49) A VD4, which is continuously shutting off, can be fixed by:

A. It cannot be fixed C. Adjusting the Variable Resistor
B. By adjusting the Variable clockwise

Registor counterclockwise D. Removing it from the Relay can
and allowing it to cool down

50) A Flip Flop needs what signals to set:

A. A low on 1, high on 0, and a clock pulse
B. A high on 1, high on 0, and no clock pulse
C. A high on 1, low on 0, and a clock pulse
D. None of the above

51) Pover Supply Sense Lines:

A. Regulate the Power Supply at C. Regulate the Power Supply at
a point outside the Power some point inside the Poer
Supply Supply

B. Check for a current overload D. None of the above
at the LRU

52) The Emergency Off button is located:

A. On Cenpac C. On the Stimulus Controller
S. On DATAC D. On the Test Point Controller
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53) The Programming 131023* 343536511nfo. refers to:

A. Resetting of Stimulus Relays C. Setting of Relays 034, 035,
034, 035, 036 036

B. Setting of Relays 034 D. Setting of Relays 102, 343,
536

54) A4A6 provides Inputs (during maintenance testing) to:

A. DATAC C. A4A2
B. A4A7 D. Cenpac

55) A F02A250V4A fuse is:

A. A slow Blow 250 Volt 4 Amp C. Both of the above
B. A fast Blow 250 Volt 4 Amp D. None of the atcve

56) Is it permissible to replace a fast Blow fuse with a slow Blow?

A. Yes C. Sometimes
B. No D. Depends on the amperage

57) Is it permissible to replace a fuse of a given amperage with one
of a higher amperage?

A. Sometimes C. No
B. Yes D. Depends on the voltage

58) The 400 CPS on-off switch on A3A31 is used to control:

A. Signals applied to the LRU C. Neither
Z. Signals applied within the D. Power as the STA. power off

station

59) The DC volts meter on AIA2 measures the output of which power supply?

A. A2A5 Digital Interface Unit C. A2A3 Serial Digital Adapter
B. Parallel Digital Adapter A2A4 D. None of the abeve

60) Power Stimulus Relays can be tested at the patch panel:

A. In the usual manner C. They cannot
B. By programming a Test Point D. By jump 2 sets of contacts

Relay together

61) Stimulus Relays can be tested at the patch panel by:

A. Programming the Relay and ohms checking between the normally
open contacts and the wiper

3. They cannot be checked
C. Programning the Relay and ohms checking between the normally

closed contacts and the wiper
D. Aor C
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62) Test Point Relays can be checked at the patch panel by:

A. Programming the Relay and ohms checking between the contacts and
A and C of the DVM Input Plug

B. Programming the Relay and ohms checking between the two patch

panel pins
C. Programming the Relay and ohms checking between either pin and

chassie ground
D. None of the above

63) A coil will usually ohms check:

A. As an open C. A very high number of ohms

B. As one or two ohms D. It cannot be ohms checked

64) A Rectifier is used to:

A. Change AC to DC C. Balance the line
B. Change DC to AC D. None of the above

65) A circuit breaker that will not reset usually indicates:

A. A short in the circuit C. A shorted filter capacitor

B. A broken circuit breaker D. All or any of the above

66) If you are not sure about a problem, you should:

A. Look at the T.O. and fake it C. Push start on DATAC

B. Ask someone D. Go for a coffee break

67) A pulse period is measured by:

A. An o-scope C. DATAC
B. Counter Timer D. A or B

68) The Input cable on A2A2 should be removed when trying to manually
measure a voltage with the DVM because:

A. It is connected to the back of the DVM

B. It doesn't need to be disconnected
C. It will induce noise on the line

D. All of the above

69) The front panel knobs of the TRUts can be enabled by the DATAC Mode

Switch in which position?

A. Normal C. Keyboard
a. Stop D. Manual

70) The clock input for A2Al, A2A3, A2A4 comes from:

A. DATAC C. Signal generator

A. Counter Timer D. None of the above
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Section A-5

DRI F-ill TRAINING SIMULATOR EVALUATION PROJECT

AVIONICS TECHNICIAN SELF-RATING FORM~

This form is to be used to assess the field per- TO 3Z CO'cP=l.:tD 3Y DR.1
formace of the technician naned in the box on the
right. the inform~ation contained en this !orm wil Tech---cian lost Name:
in no way be used to affect the technician's oe;:
sonal or work reccr.ds, or enhance or i-pede hisrner esnlScrtIde:
career. -&his for-. becores the sole prope=ty of the Fro~ eu-t ibr
Denver Research Institute arnd FMR u:nder the terms
of Contract No.F33 l5-78-C-001e. This itferation
is being collected to monitor the f.ield ;erfcorance Current AP_ Issicbnn_-_ne:
of those technicians whose training perfcrzance was
conitored at Lowry AF3 during their A'7C training ~~iin7n nFed
assignment.ecnza inled

3 Mos. 6 cos. 9 me$.

1. What is your current Test Station (-S) assigntient? ____________

Approximately bow rany weeks have you been assigned to that TS?______

2. What previous TS ass ignments have you had since you have bee= in the fiel!?

Approximately hord many weeks were yo-u at each of those assIgnnen-ts?

3. Mhat is your current rank, and how long, ir. weeks, have you held th-at rank?

Is. What other Air rerce bases were you assigned to as ar. Avioni-cs Tec _nicia=,
prior to this assignment, and how cany weeks were you at each previous

assignment (post-ATC training only)?__________________

S. During the 6883 Test Station (Converter rlight Cozntrcl) hieck cf y.-.= ATc

training at, Lawry AT3, were you trained or tested on the Training Simui.ator?

(Circle the correct answer):

a) Yes, trained on Simulator c) Yes. trained =1 tested a-: Sim-
ugater

b) Yes, tested an Simulator d) No, no contact with Simulator

e) Don't know

On the following pages, we would appreciate your he!-,
La this evaluation project. ?-'ease answer the cIesticns. to
the best of yousr abilityv, usInr tine staneardizepd XrLdued
scale. The questions relate to your current working situation
and your ATC training at Lowry ATS. Circle the z on the
scale which most accuratel'y reflects your situat-an or opin;ion.
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6. How many hours of your eight-hour shift 0-1 2-3 4-5 6-7 S or more
do you spend operating the TS, not in- - - i -+ -

eluding observation time?

7. In operating the TS, how many others none 1 2 3 0 or toe
work at the TS with you? 36 a 6 r

S. How much individual attention do you none some a lot
receive on the TS during OJT? - - . _

9. How comfortable do you feel operating not at somewhat very
the TS to which you are currently all ch
assigned? X -M -G -

tn 10. How much attention do you feel should none some a lot
be paid to troubleshooting during OJT? t _ r -

11. How much attention do you feel should none some a lot
be paid to theory during OJT? Mt N 6 K .

12. How much attention do you feel should none Som a lot
be paid to maintenance during OJT? U .

13. How adequate are the TOs for trouble- not at somewhat ve-v
shooting the TS and LRUs? all' adecuate

30 i s M it *

l4. To what extent does OJT address your not at somewhat ve.-v
training needs usually? all such

15. To what extent does your current field not at somewhat verv
assignment meet your personal/career all -uch
objectives? .t

16. How relevant was your ATC training to not at somewhat vet-v
your current field assignment? all ruch

17. How much of your ATC training do you
utilize in your current field none some a lot
assignment? , : -- , -

18. How adequate was your ATC trouble- not at somewhat very
shooting training for preparing you all -ch
for your current assignment? X t "t K

19. How important was the Converter Flight not at swmewhat very
Control (6383) block of your ATC all "-ior-ant
training to your current assignment? - M t 1 "

20. To what extent does the training you
missed at ATC (training for which you
received deviations) affect your ability
to operate the TS in your current assign- not at somewhat very
mat? al Uuch

r it i
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21. What aspects of your ATC training do you specifically use in your
current field assignment?

22. What aspects of your ATC traininF do you use very little in your
current field assignment?

23. What capabilities do you feel a three-level avionics technician sculd
have when he/she begins his/her field assignment?

Li'

> 24. Do you feel that you had those capabilities as a result of y7cur ATC
training when you began your field assignment? Y2S N;C
If not, what do you feel you were inadequately prepared for?

25. What would you add to the overall ATC traininz prograr at l.owrv AF?
to better prepare avionics technicians for their field assirnnents?

The remaining questions on this questionaire
are directed to those technicians who received sor- traininr
or testing on the Training Sirulator at Lcyrv 4. 1 vcu
circled responses a, b, or c cn cuestion 5 of this cuesticn-
aire, please complete the qUestions to follow. if you circie"
responses d or e, you have completed the questionaire and
should return t'is form to your supervisor.

26. To what extent did you enjoy inter- not at some very
acting with the Training Simulator aI ,-uch
during ATC training at Lowry AFB?

. 27. To what extent did the Trainin7 Simul- not at some very
ator simulate actual TS operating con- all ruch
ditions?

28. Do you feel the Training Simulator was
probably a better training instrument not at some very

all ruchthan the actual TS for ATC training?

29. Do you think simulated training inrtru- not at some verv
ments should he uned more frequently all much
during ATC training? X H

'-'
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30. What aspects of your Training Simulator experience did you find part-
icularly enjoyable or beneficial? _________________

S 31. What aspects of your Training Simulator experience did you find part-
icularly bothersome or non-beneficial?_______________

S 32. Vhat would you change about the Training Simulator to rake it a hetter
training instrument? ________________________

You have completed the quest ionaire. ?lease
return this form to your field supervisor. Thank you for
your assistance.
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Section A-6

DRI F-ill AVIONICS TECHNICIAN EVALUATION PROJECT

Supervisor Rating Form

,his r-cm -s -o *-e used to assess the field - .

terfcrma- ce 0: ':e -e ni-Cia-r. n-ed in the -ec- 'c-*an Nat:ar-e:
bo% on the 71r-: ..e infornatior ccn-ained.n, a
on this forr. will in nc way Ile used to affect ______________

the techni'cian's versonal or work reccrcs, or ?rca eui' ubr
enhance or inte-de his/her career status. Thisa ec--*-;%:1r
form becomes the scle =-rorertv cf Z:4 and HRL _______________

uInder the terms of Air Torce contract.. ~ Crrn AT- Assign~ment:
r336175-76-C-COlS. This infor-ration is .being Cr

collected to nonitor the field r errornance of _______________

those technicians whose traininF perforrance 7echn-ician 7iein Field-
was monitcred at Lowry AFB during their ATC
assignment. 3 mos. 6 -,os. 9 res.

V. ane of person rating technician: (include position, e.g. Br. Chief, Shop
Chief, etc.)

2. Has technician left the Air Force? Yes !o___ When?________

3. Test station technician is currently operating (e.g., 6883. 6S66, 6863, etc.):

0m 4. rest station technician has operated for most of field duty- _______

S . Other test station s technician has operated during field duty:______

S 6. Has technician beer reassigned to duty other than TS operation?

Yes _ No _ If yes, what other duty and when?

7. Ras technician received a promotion during current period of rating:
Yes No ___If yes, from what level to what level:
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I. the follow.-ng section, please rate the technician's task erfcr.an.-e cn
a scale of I so S, where I signifies very poor cr unsatisfactcry per-fo.--ance,
2 sinifies socr perforrance, 3 signifies sa-isfac:o- cr fair )e.- cr!ance,
" s-.n.!fes eood performance, and 5 signifies very gocd or cxceIe.n-: Lerf-.-r-
-n.. NA indicates this task is not avDlicable in rating -he :e.nnc:an a-
this time.

Very Ve-
Poor rair Good

E. ract_ces housekee.-ing consiste7t with
-!t sa-_--- cf _ers-nne and ecui-ne,::. 2 L ": 5

S. A.ies safe-.: .recau-zions when -.ain:aining/
opera:in test sta:icn equipment (for exar-

z -1e, renoves all items of metal such as

, ewelry, watches, glasses, etc.) i 2 3 5 NA
8

0 . Uses technical manuals as a source of
infor aticn fo" perfring ,aintenanceand inspections: 1 2 3 L; 5 ::A

11U. Uses and cares for comion lest ecuivment
m and special tocls for electronic mainten-

ance applicable to tasks: 1 2 3 4 5 NA

12. Performs soldering of electronic components: 1 2 3 U 5 NA

13. Understands .o..ose and function/operat ional
concepts of test stations in general: 1 2 3 4 S NA

14. Understands purose and function/operational
concepts of Cenpac: 1 2 3 4 5 NA

15. Understands ou-nose amd function of Com.uter/
~ Naviration and rlaht Controls/Convp'rr and

T3jjhT Contro1t -rost stations in particular: 1 2 3 4 5 NA

16. Understands theor-/signal flow of particular
8 LRUs associated with test stations listed

above: 1 2 3 4 5 NA

17. Performs confidence test: 1 2 3 4 5 NA
a-

e- 18. Operates test station and shop standards to
~ perform diaenostic testing: 1 2 3 4 NA

19. Operates test station ind shop standards to
roua1eshoct nal!funct ons: 1 2 3 '4 NA

20. Cter-es test station and sho. standards to
.erforn rainenance: 1 2 3 '4 !A

4
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Very Fair Very

21. Understands general LRU/SRU information Poor Good

and electrical characteristics for LRUs/
4; SRUs assigned to Computer/laviration and
C Flight Controls/Converter Flight Controls

test stations: 1 2 3 4 5 NA

22. Understands LRU/SRU data flow and interface
with test stations listed above: 1 2 3 4 5 NA

23. Prepares special requisitions, issue and
turn-in slips: 1 2 3 4 5 NA

24. Coordinates work with other personnel: 1 2 3 4 5 NA

25. Assigns maintenance and repair work: 1 2 3 4 5 FA
U

= 26. Reviews and prepares maintenance and
inspection reports and charts: 1 2 3 4 5 NA

27. Resolves technical problems assigned to
him/her: 1 2 3 4 5 NA

1 28. Works well without significant supervision: 1 2 3 4 5 NA
I-.

29. Shows initiative in troubleshooting tasks: 1 ? 3 4 5 NA

0. 30. Shows gocd work attitude toward assigned
tasks: 1 2 3 4 S NA

C 31. How would you rate this technician com-
pared to other technicians at the same
(3,5,7 or 9) level of status? 1 2 3 4 5 ZA
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NOTES ON COST ANALYSIS

A) Replacement cost of space estimate was taken from the F-16 cost
study (Table 8). The estimate of $16.27/square foot represents
the amount the building inventory at Lowry AFB would be reduced
at the end of 1977 if a training facility were scrapped.*

B) The supplemental furnishings estimate for laboratory space was
based on the approximate cost of items used in the laboratories.

C) The acquisition cost estimates for the AET were guided by the
estimates made for the F-16 trainer. The acquisition management
cost for the 36th unit of production was 8.2 percent of the unit
cost (Table 5). Our estimate of 7.5 percent was more conservative
because the technology of the F-ill is not as sophisticated as
that of the F-16, even though the F-Ill stntion represents the
eleventh unit produced.

D) Sustaining Investment estimate was guided by the estimates made
for the F-16 trainer which, in turn, were derived from Air Force
Logistic Command experience. The Sustaining Investment required
was found to be approximately 12.5 percent of the unit cost each
year (Table 5). Our estimate of $194,500 per year was 10 percent
of the unit cost of the test station. The unit cost was inflated
79.5 percent to reflect wholesale commodity price changes from
1972 to 1978 (source: Economic Indicators, U.S. Government
Printing Office, Washington, D.C., 1979). No estimate was made
for logistics costs associated with the spares inventory.

*The F-16 study refers to a draft technical report,

"Life Cycle Cost Estimation of Simulated vs. Actual Equipment
Maintenance Training for the F-16 Avionics Intermediate Shop."
This report was prepared by the AFHRL Advanced Systems Division,
Wright-Patterson AFB, Ohio (T. Eggentier et al., March 1979).
The report (unpaged) was a substantial resource for cost data
appropriate to training at Lowry AFB, and the equipment cost
model employed provided substantial insight for estimates related
to acquisition management costs and the logistical costs including
Sustaining Investment for weapons subsystems.
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E) The personnel cost of maintenance on the 6883 AET was based on
records of actual hours spent on repair from 1/1/79 to 7/30/79.
(BLIS Report, Logistics Branch, Lowry AFB). The time spent
during this period was assumed to be proportional to the yearly
maintenance requirement. The grade level for costing purposes
was estimated to be E-5.

F) Since no student materials are required for 6883 laboratory work,
this cost was assumed to be zero.

G) Updating laboratory exercises was assumed to require one-sixth of
an instructor year. Updating represents such activities as
installing "faults" in the AET to facilitate "manual" trouble-
shooting exercises.

H) Instructor contact time for laboratory training was estimated at
540 hours per year (180 students for three days, eight hours).
The estimate was increased to 720 hours per year to better account
for the fact that one full-time instructor would be assigned to
teach 6883 theory and practice.

I) The overhead or burden associated with maintaining one instructor
one-third time was estimated by apportioning the salary of the
course manager (GS-12), the course supervisor (E-7), and the
instructor's supervisor (E-6) to management and administration of
24 instructors for one-third year. (Salary schedule source:
AFR-173-10, 1978.)

J) Miscellaneous student support costs for students in residence
at Lowry AFB were estimated at $79.25 per student per week; 540
student days represent 2.017 years, assuming 260 working days per
year (2.077 x 52 x $79.25 = $8,550).

K) Estimate based on AFHRL project records: 1056.5 hours (military)
and 2357.5 hours (civilian) prior to installation of the simulator;
cost factors for military and civitian personnel for AFIIRL were

assumed to be $12/hour and $14/hour over the 18-month period.

L) Estimate based on AFHRL project records: 1482 hours (military)
and 2374 hours (civilian) for support and installation. Same
cost factors as used for (K), above.

M) Sustaining Investment for the 6883 simulator was based on the
cost of maintenance contracts in force from June 1978 until

November 1979, and a contract being negotiated for 1980-1981.
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